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DESCRIPTION 

* 

LIGHT EMITTING MATERIAL AND ORGANIC LIGHT-EMITTING DEVICE 
5 CROSS-REFERENCE TO THE RELATED APPLICATIONS 

■ 

This is an application filed pursuant to 35 U.S. C. Section 

■ 

111(a) with claiming the benefit of (1) U.S. Provisional 
application Serial No. 60/301,844 filed July 2, 2001, (2) U.S. 
Provisional application Serial No . 60/302,372 filed July 3, 2001, 
10 (3) U.S. Provisional application Serial No. 60/317,115 filed 
September 6, 2001, (4) U.S. Provisional application Serial No. 
60/330,815 filed October 31, 2001, (5) U.S. Provisional 

- 

application Serial No. 60/337,157 filed December 10, 2001, (6) 
U.S. Provisional application Serial No. 60/337,160 filed December 
15 10, 2001 and (7) U.S. Provisional application Serial No. 

* 

60/337,161 filed December 10, 2001 under the provision of 35 U.S. C. 
Section 111(b), pursuant to 35 U.S.C. Section 119(e)(1). 

TECHNICAL FIELD 

20 The present invention relates to an organic light-emitting 

device (OLED) , especially for flat panel displays or backlights 
used therein, and the present invention relates to a light 
emitting material for OLED. 



. 1 . 
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BACKGROUND ART 

Since 1987 when C. W. Tang et al. of Kodak demonstrated 
high illumination light emission of an organic light emitting 
device (Appl. Phys. Lett., Vol., 51, page 913, 1987) , development 
5 of materials for organic light emitting devices and improvement 
of device structure have been rapidly made. Recently, organic 
light emitting devices have gone into practical use firstly in 
displays for car audio sets, cellular phones and the like. 
Currently, to put such organic electroluminescent (EL) devices 

10 to a wider range of uses, development of materials for improving 
the light emission efficiency and durability, or development for 
applying them to full color displays are being actively made. 
In particular, on considering the use wide-spreading to the 
medium- or large-size panel or illumination, the high luminancet 

15 must be more intensified by improving the light emission 
efficiency. • ■ \ 

As such light emitting materials, metal complexes such as 
aluminum quinolinium complexes (Alc^) , which has good light 
emission efficiency so that light emission intensity is high, 

20 have been commonly used. For forming such low molecular weight 
materials into a light emitting layer of an organic light emitting 
device, vacuum deposition and the like techniques have been used. 
This has been considered to be a demerit in the production process 
of the organic light emitting devices. Nature, Vol. 397, page 
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121 (1999) discloses that rc-electron conjugated polymers such 

as poly (paraphenylene-vinylene) (PPV) and derivatives thereof 
(MEH-PPV) can serve as a light emitting material . These polymers 
have begun to be partially used as a backlight of a clock and 
5 the like. These polymer materials have not only a merit in 
production process because they can be formed into films by a 
casting method but also a merit in an increased durability as 
compared with low molecular weight light emitting materials. 
However, they have a demerit in that they have low light emission 

10 efficiency as compared with the low molecular weight light 
emitting materials. 

In the light emitting materials as mentioned above, use 
is made of light emission from an excited singlet state, that 
is, fluorescence. According to the description at page 58 of, 

15 Monthly Display, October 1998, Separate Volume "Organic EL 
Display", the upper limit of the internal quantum efficiency of' 
light emission in an organic EL has been considered to be 25% 
from the ratio of an excited singlet state to an excited triplet 
state generated by electric excitation being 1:3. 

20 On the contrary, by using an iridium complex emitted by 

phosphorescence from an excited triplet state, M. A. Baldo et 
al. indicated that it is possible to obtain an external quantum 
efficiency of 7.5% (this corresponding to an internal quantum 
efficiency of 37.5% assuming that the light out-coupling 

- 3 - 
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efficiency is 20%), which is higher than the external quantum 
efficiency of 5%, which has conventionally been considered to 
be the uppermost value (Appl. Phys. Lett., Vol. 75, page 4 (1999), 
WO00/70655) . However, materials that stably emit 

5 phosphorescence at room temperature as the iridium complex as 
used in the prior art cited here are extremely rare so that freedom 
of selection of materials is narrow and they must be doped to 
a specified host compound when actually used. Therefore, the 
conventional materials have the disadvantage that selection of 

10 materials that satisfy the specification of a display is 
extremely difficult to make. 

On the other hand, M. A. Baldo et al. f also indicated that 
a relatively good light emission efficiency can be obtained by 
using an iridium complex as a sensitizer, transferring energy 

15 from an excited triplet state of the complex to an excited singlet 
state of a fluorescent dye, and finally emitting fluorescence 
from the excited singlet state of the fluorescent dye (Nature, 
Vol. 403, page 750 (2000)). This method has the advantage in 
that from a number of fluorescent dyes, one that is suitable for 

20 the purpose can be selected and used. However, this process has 
the great disadvantage in that it has low quantum efficiency of 
light emission in principle since it involves a spin-forbidden 
process of transferring energy from an excited triplet state of 
a sensitizer to an excited singlet state of a fluorescent dye. 

- 4 - 
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Next, concerning the mass production method of panels, 
conventionally a vacuum deposition method has been used. 
However , the vacuum deposition method cannot be always suitable 
for mass production of panels having large areas since they have 
5 the problems in that they require a vacuum equipment and it becomes 
more difficult to forming an organic thin film so as to have a 
uniform thickness according as the film has a larger area. 

In order to improve the disadvantage, a production method 
using apolymer light emitting material, that is, an ink jet method 
10 and a printing method have been developed as methods that 
facilitate the production of large area products. In particular, 
the printing method can continuously form a long film so that 
it is excellent in the production of large area products and in 

- 

mass productivity. 

15 As described above, in order to obtain an organic light 

emitting device having a high light emission efficiency and 
having a large area, a phosphore scent polymer material is 
required. As such phosphorescent polymer materials, polymers 
incorporating ruthenium complexes in the main chains or side 

20 chains of the polymers are known (Ng, P. K. et al., Polymer 
Preprints., Vol. 40(2), page 1212 (1999)) . These compounds are 
ionic compounds and application of a voltage thereto causes 
electrochemical light emission due to the oxidation reduction 
reaction at the electrodes. The electrochemical light emission 
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shows an extremely slow response in the order of minutes so that 
they are unsuitable for usual display panels. 

In addition, there is a composition of poly(N- 
vinylcarbazole) mixed or dispersed with a low molecular weight 
5 phosphorescent compound/ an iridium complex, although it cannot 
be said to be a polymer material in a strict sense (P. J. Djurovich 
etal., Polymer Preprints, Vol. 41(1), page 770 (2000)) . However, 
there is a possibility that this material is poor in heat stability 
as compared with homogeneous polymer materials and tend to cause 

10 phase separation or segregation. 

Japanese Patent Application Laid-open No. 2001-181616, 
Japanese Patent Application Laid-open No. 2001-181617, and 
Japanese Patent Application Laid-open No. 2001-247859 disclose 
organic light emitting materials composed of phosphorescent 

15 ortho-metallized palladium complex, ortho-metallized platinum 
complex and ortho-metallized iridium complex, respectively, and' 
also refer to polymer compounds having these complex structures 
as repeating units. However, these publications fail to 
disclose specific exemplification of the structure and method 

20 of preparing polymers that are necessary for forming polymers 
by binding the complex structures as the repeating units 
disclosed in the publications and discloses no practically usable 
phosphorescent polymer compounds. 

- 6 - 
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DISCLOSURE OF THE INVENTION 

As described above, there has been no light emitting 
material for organic light emitting devices having an external 
quantum efficiency that exceeds 5%, which has been conventionally 
5 said to be the limit value of the external quantum efficiency 
of fluorescence. In addition, materials having high 
efficiencies of light emission have been demanded from the 
viewpoint of improvement in durability of the device since they 
have a small energy loss so that heat generation of the device 

10 can be prevented. Accordingly, an object of the present 
invention is to overcome the above-mentioned problems of the 
prior art and to provide an organic light emitting device having 
high luminance and high durability and a light emitting material 
for use therein. . 

15 As a result of extensive studies with a view to solving 

the above-mentioned problems, the inventors of the present 
invention have found that binding a light emitting substance to 
a polymer can give rise to light emission of high efficiency from 
an excited triplet state, thus achieving the present invention. 

20 The expression "binding to a polymer" as used herein means 

that a light emitting substance is immobilized by some action 
of the polymer. The method of immobilization is not particularly 
limited and includes immobilization by chemical bonds or physical 
bonds, such as covalent bond, coordinate bond, formation of 
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charge transfer complex, ion bond/ van der Waals force , and 

- 

host-guest bond, e.g., intercalation. 

In the present invention, a part of the structure of light 
emitting substance may forms a part of the polymer whereto the 
5 light emitting substance is bound, or a part of the ligand of 

the complex being a light emitting substance may be incorporated 

» 

into the polymer. 

Also, the present inventors have found that a polymer light 
emitting material obtained by forming a polymerizable 

10 composition containing at least one light emitting compound into 
a film and then polymerizing it has good durability and good 
processability and that immobilizing the light emitting 
substance (light emitting part) with a polymer can give rise to 
light emission of high efficiency from an excited triplet state 

15 or light emission of high efficiency through an excited triplet 
state, thus achieving the present invention. 

* 

That is, the present invention relates to the following 
light emitting materials and light emitting devices. 
[1] A polymer light emitting material, wherein the material 
20 has a light emitting mechanism based on transition from an excited 

triplet state to a ground state or transition through an excited 

» 

triplet state to a ground state of an electron energy level, and 
the material comprises a nonionic light emitting part which 
constitutes a part of the polymer or is bound. to the polymer. 

- 8 - 
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[2] The polymer light emitting material according to [1], 
wherein the light emitting part is formed by binding a metal atom 
to at least one site of the polymer. 

[3] The polymer light emitting material according to [2], 
5 wherein the metal atom is bound by one or more covalent bonds and/or 
one or more coordinate bonds* 

[4] The polymer light emitting material according to [1], 
wherein the light emitting part is a metal complex structure 
having a metal atom or an organometallic structure having a metal 
10 atom. 

[5] The polymer light emitting material according to [2] or [4] , 
wherein the metal atom is a transition metal atom. 
[6] The polymer light emitting material according to [5], 
wherein the transition metal atom is a transition metal atom, 
15 belonging to the sixth period of the periodic table. 

[ 

[7] The polymer light emitting material according to [6], 
wherein the transition metal atom is iridium. 

[8] The polymer light emitting material according to [6], 
wherein the transition metal is platinum. 
20 [9] The polymer light emitting material according to [2] or [4] , 
wherein the metal atom is a rare earth metal atom. 

[10] The polymer light emitting material according to any one 
of [1] to [9] , wherein the light emitting part is formed by binding 
containing a coordinate bond formed by a metal atom and a nitrogen 

- 9 - 
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atom of the polymer. 

[11] The polymer light emitting material according to [10], 
wherein the nitrogen atom of the polymer is a nitrogen atom of 
a pyridine skeleton and/or pyrimidine skeleton and/or quinoline 
5 skeleton on the side of the polymer. 

[12] The polymer light emitting material according to [10] , 
wherein the nitrogen atom of the polymer is a nitrogen atom of 
a phenylpyridine skeleton on the side of the polymer. 
[13] The polymer light emitting material according to [10], 

10 wherein the nitrogen atom of the polymer is a nitrogen atom of 
a benzothienyl -pyridine skeleton on the side of the polymer. 
[14] The polymer light emitting material according to [1], 
comprising a light emitting part that contains a phosphorescent 
moiety and a fluorescent moiety with fluorescence occurring f romj 

15 the fluorescent moiety through an excited triplet state of the' 

■ 

phosphorescent moiety and an excited triplet state of the' 
fluorescent moiety, wherein at least one of the phosphorescent 
moiety and the fluorescent moiety constitutes a part of the 
polymer or is bound to the polymer. 
20 [15] The polymer light emitting material according to [1], 
wherein the material is obtained by polymerizing a polymerizable 
composition containing at least one light emitting compound. 
[16] The polymer light emitting material according to [15], 
wherein the light emitting compound is a polymerizable light 

- 10 - 



WO 03/001616 PCT/JP02/06139 

emitting compound. 

[17] The polymer light emitting material according to [15] , 
wherein the polymer obtained by polymerizing the composition has 
no crosslinking structure. 
5 [18] The polymer light emitting material according to [16], 
wherein the at least one polymerizable light emitting compound 
is a crosslinking polymerizable light emitting compound having 
two or more polymerizable functional groups and the polymer after 
the polymerization is a crosslinked polymer. 
10 [19] The polymer light emitting material according to any one 
of [15] to [IS], wherein the polymerizable composition contains 
at least one polymerizable compound other than the light emitting 
compound. 

[20] The polymer light emitting material according to [19], 
15 wherein the at least one polymerizable compound other than the 
light emitting compound is a polymerizable electron transporting 
compound . 

[21] The polymer light emitting material according to [19], 
wherein at least one polymerizable compound other than the light 
20 emitting compound is a crosslinking polymerizable compound having 
two or more polymerizable functional groups. 

[22] The polymer light emitting material according to [15], 
wherein a light emitting part of the polymer light emitting 
material is a metal complex structure having a metal atom or an 

■ . - 
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organometallic structure having a metal atom. 

[23] The polymer light emitting material according to [22] , 
wherein the metal atom is a transition metal atom. 

[24] The polymer light emitting material according to [22], 
5 wherein the metal atom is a rare earth metal atom. 

[25] The polymer light emitting material according to any one 
of [22] to [24], wherein the light emitting part contains a 
nitrogen atom in a complex structure forming part or in an 
organometallic structure forming part. 
10 [26] The polymer light emitting material according to [25], 
wherein the light emitting part has a pyridine skeleton, a 
pyrimidine skeleton and/or a quinoline skeleton in a complex 
structure forming part or in an organometallic structure forming 
part. 

15 [27] The polymer light emitting material according to [16], 
wherein the polymerizable light emitting compound is a 
polymerizable compound represented by the formula (C-l) below: 



WO 03/001616 PCT7JP02/06139 

wherein at least one of A c , B c , and C c represents a substituent 
having a polymerizable functional group, and the remainder of A c , 
B c , and (^independently represent a hydrogen atom, a halogen atom, 
a nitro group, an amino group, a sulfonic acid group, a sulfonic 
5 acid ester group, or an organic group having 1 to 20 carbon atoms 
which may have one or more heteroatoms; and R 1 to R 21 independently 
represent a hydrogen atom, a halogen atom, a nitro group, an amino 
group, a sulfonic acid group, a sulfonic acid ester group, or an 
organic group having 1 to 20 carbon atoms which may have one or 
10 more heteroatoms. 

* 

[28] The polymer light emitting material according to [16], 
wherein the polymerizable light emitting compound is a 
polymerizable compound represented by the formula (D-l) below: 




(D-l) 



15 wherein at least one of X 1 *, Y 1D , and Z 1D represents a substituent 
having a polymerizable functional group, and the remainder of X 1D , 
Y 1D , and Z 1D independently represent a hydrogen atom, or an organic 
group having 1 to 20 carbon atoms which may have one or more 

- 
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heteroatoms; and R 1 to R 16 independently represent a hydrogen atom, 
a halogen atom/ a nitro group, an amino group, a sulfonic acid 
group, a sulfonic acid ester group, or an organic group having 
1 to 20 carbon atoms which may have one or more heteroatoms. 
5 [29] The polymer light emitting material according to [16], 
wherein the polymerizable light emitting compound is a 
polymerizable compound represented by the formula (E-l) below: 




(E-l) 



wherein X E represents a substituent having a polymerizable 
10 functional group; R 1B , R 2E and R 3B independently represents a 
hydrogen atom, a halogen atom, or an organic group having 1 to 
20 carbon atoms; and R 4 to R 19 independently represent a hydrogen 
atom, a halogen atom, a nitro group, an amino group, a sulfonic 
acid group, a sulfonic acid ester group, or an organic group having 
15 1 to 20 carbon atoms which may have one or more heteroatoms. 
[30] The polymer light emitting material according to [16], 
wherein the polymerizable light emitting compound is a 
polymerizable compound represented by the formula (F-l) below: 

- 14 - 
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(F-l) 



wherein at least one of X 1F , Y , and Z 1F represents a substituent 
having a polymerizable functional group, and the remainder of X 1P , 
Y lp , and Z lp independently represent a hydrogen atom, a halogen 
5 atom, or an organic group having 1 to 20 carbon atoms which may 
have one or more heteroatoms; and R 1 to R 16 independently represent 
a hydrogen atom, a halogen atom, a nitro group, an amino group, 
a sulfonic acid group, a sulfonic acid ester group, or an organic 
group having 1 to 20 carbon atoms which may have one or more 
10 heteroatoms. 

[31] The polymer light emitting material according to [16], 
wherein the polymerizable light emitting compound is a 
polymerizable compound represented by the formula (G-l) below: 




(G-l) 



- 15 - 



WO 03/001616 PCT/JP02/06139 

• > 

wherein L represents a monovalent anionic bidentate ligand; X G 
represents a substituent having a polymerizable functional group; 
and R 1 to R 7 independently represent a hydrogen atom, a halogen 
atom, a nitro group, an amino group, a sulfonic acid group, a 
5 sulfonic acid ester group, or an organic group having 1 to 20 carbon 
atoms which may have one or more heteroatoms . 
[32] A light emitting composition comprising the polymer light 
emitting material according to anyone of [1] to [31] , and a carrier 
transporting polymer compound. 
10 [33] The light emitting composition according to [32], wherein 

- 

the carrier transporting polymer compound is a hole transporting 
polymer compound. 

[34] The light emitting composition according to [32], wherein 
the carrier transporting polymer compound is an electron 
15 transporting polymer compound. 

[35] A light emitting composition comprising the light emitting 
material according to any one of [1] to [31], and a carrier 
transporting low molecular weight compound. 

[36] The light emitting composition according to [35], wherein 
20 the carrier transporting low molecular weight compound is a hole 
transporting low molecular weight compound. 

[37] The light emitting composition according to [35], wherein 
the carrier transporting low molecular weight compound is an 
electron transporting low molecular weight compound. 

* 
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[38] A layer containing a light emitting material for organic 
light emitting device, wherein a light emitting material is a 
polymer light emitting material described in [1] . 

[39] The layer containing a light emitting material for organic 
5 light emitting device according to [38] , obtained by forming into 
a film a polymer light emitting material described in [1] . 

[40] The layer containing a light emitting material for organic 
light emitting device according to [39] , wherein the polymer light 
emitting material has no crosslinking structure. 

* » 

10 [41] The layer containing a light emitting material for organic 
light emitting device according to [38 J , wherein the polymer light 
emitting material is obtained by forming a polymerizable 
composition containing at least one light emitting compound into 
a film and then polymerizing it. , 

15 [42] The layer containing a light emitting material for organic' 
light emitting device according to [41] , wherein the polymer light ' 
emitting material has no crosslinking structure. 
[43] The layer containing a light emitting material for organic 

4 

light emitting device according to [41] , wherein the polymer light 
20 emitting material has a crosslinking structure. 

[44] An organic light emitting device comprising the polymer 
light emitting material according to any one of [1] to [31]. 
[45] The organic light emitting device according to [44], 
comprising a light emitting layer comprising the polymer light 
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emitting material described in any one of [1] to [31] having both 
sides or one side thereof an electron transporting layer of a 
coated type, and/or a hole transporting layer of a coated type. 
Furthermore, the present invention relates to novel 
5 polymerizable compounds, production methods and polymers 
obtained by polymerizing the polymerizable compounds represented 
by [Al] to [A3], [Bl] to [B2], [CI] to [C60], [Dl] to [D38], [El] 
to [E34], [Fl] to [F38], and [Gl] to [G26] below. 
[Al] A polymerizable compound which is a metal complex having 
10 one or more ligands, wherein at least one ligand is a bidentate 
ligand having pyridine ring which may have one or more 
substituents, and at least one ligand including the bidentate 
ligand above has a polymerizable functional group. 

[A2] The polymerizable compound according to [Al], wherein a, 

■ 

15 metal of the metal complex is iridium. 

[A3] The polymerizable compound according to [Al] or [A2], 
wherein the bidentate ligand having pyridine ring is 
phenylpyridine or benzothienylpyridine. 

[Bl] A polymerizable compound represented by the formula (B- 
20 1) : 



18 
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(B-l) 



wherein Q represents a bidentate ligand having one or more 
polymerizable functional groups, and R 1 to R 16 independently 
represent a hydrogen atom, a halogen atom, a nitro group, an amino 
5 group, a sulfonic acid group, a sulfonic acid ester group, or an 
organic group having 1 to 20 carbon atoms which may have one or 
more heteroatoms. 

[B2] A polymerizable compound represented by the formula (B- 
2): 



10 




(B-2) 



wherein Q represents a bidentate ligand having one or more 
polymerizable functional groups, and R x to R 16 independently 
represent a hydrogen atom, a halogen atom, a nitro group, an amino 
group, a sulfonic acid group, a sulfonic acid ester group, or an 
15 organic group having 1 to 20 carbon atoms which may have one or 
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more heteroatoms . 

[CI] A polymerizable compound represented by the formula (C 
1): 




(C-l) 



5 wherein at least one of A c , B c , and (f represents a substituent 
having a polymerizable functional group, and the remainder of A c , 
B c , and C c independently represent a hydrogen atom, a halogen atom, 
a nitro group, an amino group, a sulfonic acid group, a sulfonic 

i 

acid ester group, or an organic group having 1 to 20 carbon atoms 

i 

10 which may have one or more heteroatoms; and R 1 to R 21 independently 
represent a hydrogen atom, a halogen atom, a nitro group, an amino 
group, a sulfonic acid group, a sulfonic acid ester group, or an 
organic group having 1 to 20 carbon atoms which may have one or 
more heteroatoms. 

15 [C2] The polymerizable compound according to [Cl] above, wherein 
at least one of A c , B c , and C c in the formula (C-l) is a substituent 
having an acrylate group or a methacrylate group. 
[C3] The polymerizable compound according to [C2] above, wherein 
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one of A c , B c , and C c in the formula (C-l) is a substituent having 
an acrylate group or a methacrylate group, 

[C4] A polymerizable compound represented by the formula (C- 

- 

2): 



h 2 o 




(C-2) 



wherein R 1 and R 2 independently represent a hydrogen atom, a 
halogen atom, a nitro group, an amino group, a sulfonic acid group, 
a sulfonic acid ester group, or an organic group having 1 to 20, 

i 
I 

carbon atoms which may have one or more heteroatoms. j 
[C5] The polymerizable compound according to [C4] above, wherein 
both R 1 and R 2 in the formula (C-2) are a hydrogen atom. 
[C6] A polymerizable compound represented by the formula (C- 

- 

3): 
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CH 
I 




(C-3) 



R 2 

wherein R 1 and R 2 independently represent a hydrogen atom, a 
halogen atom, a nitro group, an amino group, a sulfonic acid group, 
a sulfonic acid ester group, or an organic group having 1 to 20 
5 carbon atoms which may have one or more heteroatoms. 

[C7] The polymer izable compound according to [C6] above, wherein 
both R 1 and R 2 in the formula (C-3) are a hydrogen atom. 
[C8] The polymerizable compound according to [C2] above, wherein 
two of A c , B c , and C c in the formula (C-l) are substituents having 
10 an acrylate group or a methacrylate group. 

[C9] A polymerizable compound represented by the formula (C- 
4): 
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CH 3 




(C-4) 



wherein R 1 represents a hydrogen atom/ a halogen atom, a nitro 
group, an amino group, a sulfonic acid group, a sulfonic acid ester 
group, or an organic group having 1 to 20 carbon atoms which may 
have one or more heteroatoms. 

[CIO] The polymerizable compound according to [C9] above, wherein 
R 1 in the formula (C-4) is a hydrogen atom. 

[Cll] A polymerizable compound represented by the formula (O 
5) : 

CH, 
I 3 




wherein R 1 represents a hydrogen atom, a halogen atom, a nitro 
group, an amino group, a sulfonic acid group, a sulfonic acid ester 
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group, or an organic group having 1 to 20 carbon atoms which may 
have one or more heteroatoms. 

[C12] The polymerizable compound according to [Cll] above, 
wherein R 1 in the formula (C-5) is a hydrogen atom. 
5 [C13] The polymerizable compound according to [C2] above, wherein 
all of A c , B c , and C c in the formula (C-l) are a substituent having 
an acrylate group or a methacrylate group. 

[C14] A polymerizable compound represented by the formula (C- 
6) : 



H 2 C 



H 9 C — 



10 




(C-6) 



[C15] A polymerizable compound represented by the formula (C- 



7) : 
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[CI 6] A polymer obtained by polymerizing the polymeaMzable 
compound represented by the formula (C-l) : 




(C-l) 



wherein at least one of A c , B c , and C c represents a substituent 
having a polymerizable functional group, and the remainder of A c , 
B c , and C c independently represent a hydrogen atom, a halogen atom, 
a nitro group, an amino group, a sulfonic acid group, a sulfonic 
acid ester group, or an organic group having 1 to 20 carbon atoms 
which may have one or more heteroatoms; and R x to R 21 independently 
represent a hydrogen atom, a halogen atom, a nitro group, an amino 
group, a sulfonic acid group, a sulfonic acid ester group, or an 
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' ' ' 

organic group having 1 to 20 carbon atoms which may have one or 
more heteroatoms. 

[C17] The polymer according to [C16] above, wherein at least one 
of A c , B c , and C° in the formula (Ol) is a substituent having an 
5 acrylate group or a methacrylate group. 

[C18] The polymer according to [C17] above, wherein one of A c , 
B c , and C c in the formula (C-l) is a substituent having an acrylate 
group or a methacrylate group. 

[CI 9] A polymer obtained by polymerizing the polymerizable 
10 compound represented by the formula (C-2) : 




(C-2) 



R 2 

wherein R 1 and R 2 independently represent a hydrogen atom, a 
halogen atom, anitrogroup, an amino group, a sulfonic acid group, 
a sulfonic acid ester group, or an organic group having 1 to 20 
15 carbon atoms which may have one or more heteroatoms. . 

[C20] The polymer according to [C19] above, wherein both R 1 and 
R 2 in the formula {C-2) are a hydrogen atom. 

[C21] A polymer obtained by polymerizing the polymerizable 

» 

. - 
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compound represented by the formula (C-3) : 




(C-3) 



wherein R 1 and R 2 independently represent a hydrogen atom, a 
halogen atom, a nitro group, an amino group, a sulfonic acid group, 
5 a sulfonic acid ester group, or an organic group having 1 to 20 
carbon atoms which may have one or more heteroatoms. 
[C22] The polymer according to [C21] above, wherein both R 1 and 
R 2 in the formula (C-3) are a hydrogen atom. 1 

■ 

[C23] The polymer according to [C17] above, wherein two of A c ,| 
10 B c , and C c in the formula (C-l) are substituents having an acrylate 
group or a methacrylate group. 

[C24] A polymer obtained by polymerizing the polymerizable 
compound represented by the formula (C-4) : 
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(C-4) 



R 1 



wherein R 1 represents a hydrogen atom, a halogen atom, a nitro 
group, an amino group, a sulfonic acid group, a sulfonic acid ester 
group, or an organic group having 1 to 20 carbon atoms which may 
5 have one or more heteroatoms. 

[C25] The polymer according to [C24] above, wherein R 1 in the 
formula (C-4) is a hydrogen atom. 

[C26] A polymer obtained by polymerizing the polymerizable 
compound represented by the formula (C-5) : 

CH 3 
I 




wherein R 1 represents a hydrogen atom, a halogen atom, a nitro 
group, an amino group, a sulfonic acid group, a sulfonic acid ester 
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group, or an organic group having 1 to 20 carbon atoms which may 
have one or more heteroatoms . 

[C27] The polymer according to [C26] above, wherein R 1 in the 
formula (C-5) is a hydrogen atom. 

[C28] The polymer according to [C17] above, wherein all of A c , 
B c , and C c in the formula (C-l) are a substituent having an acrylate 
group or a methacrylate group. 

[C29] A polymer obtained by polymerizing the poiymerizable 
compound represented by the formula (C-6) : 




(C-6) 



O 

[C30] A polymer obtained by polymerizing the polymerizable 
compound represented by the formula (C-7) : 
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CH 3 

H 2 C=C-C-0 (CH 2 ) ,-NH-C-Q 

2 „ 2' 2 y 

0 0 



CH, 

H 2 C=C-C-0 (CH 2 ) ,-NH-C-O 
z ,, 2/2 n 

0 0 




CH 3 

(CH 2 ) 2 -0-C-C=CH 2 
O 



(C-7) 



[C31] A copolymer comprising at least one of monomer units derived 
from the polymerizable compounds represented by any one of the 
formulae (C-l) to (C-7). 
5 [C32] A method of producing a polymerizable compound containing 
a mononuclear iridium complex, comprising reacting a binuclear 
iridium complex represented by the formula (C-8) with a 
phenylpyridine derivative represented by the formula (C-9) , and 

' \ 

\ 

then reacting a reactive substituent of the reaction product with 
10 a compound having a polymerizable functional group; 



i 
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• * 

wherein X c and Y° independently represent a reactive substituent, 
or a hydrogen atom, a halogen atom, a nitro group, an amino group, 
a sulfonic acid group , a sulfonic acid ester group, or an organic 
group having 1 to 20 carbon atoms which may have one or more 
5 heteroatoms, and R 1 to R 2B independently represent a hydrogen atom, 
a halogen atom, a nitro group, an amino group, a sulfonic acid 
group, a sulfonic acid ester group, or an organic group having 
1 to 20 carbon atoms which may have one or more heteroatoms; 

R 2R 3 Z c R 4 R 5 R 6 

R^^W^^R 7 (C-9) 

H 

10 wherein Z c represents a reactive substituent, or a hydrogen atom, 
a halogen atom, a nitro group, an amino group, a sulfonic acicpL 
group, a sulfonic acid ester group, or an organic group having 

♦ 

1 to 20 carbon atoms which may have one or more heteroatoms, and 
R 1 to R 7 independently represent a hydrogen atom, a halogen atom, 
15 a nitro group, an amino group, a sulfonic acid group, a sulfonic 
acid ester group, or an organic group having 1 to 20 carbon atoms 
which may have one or more heteroatoms, provided that at least 
one of X c and Y° in the formula (C-8) and Z c in the formula (C-9) 
is a reactive substituent. 

- 

20 [C33] The method of producing a polymerizable compound containing 
a mononuclear iridium complex according to [C32] above, wherein 
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X c and Y° in the formula (C-8) independently represent a hydrogen 
atom/ a halogen atom, a nitro group, an amino group, a sulfonic 
acid group, a sulfonic acid ester group, or an organic group having 
1 to 20 carbon atoms which may have one or more heteroatoms, and 
5 Z c in the formula (C-9) represents a reactive substituent. 

[C34] The method of producing a polymer izable compound containing 
a mononuclear iridium complex according to [C33] above, wherein 
Z c in the formula (C-9) represents a hydroxyl group. 
[C35] The method of producing a polymerizable compound containing 
10 a mononuclear iridium complex according to [C34] above, wherein 
the compound having a polymerizable functional group is an acid 
halide. 

[C36] The method of producing a polymerizable compound containing 
a mononuclear iridium complex according to [C34] above, wherein 
15 the compound having a polymerizable functional group is an 
isocyanate compound. 

[C37 ] The method of producing a polymerizable compound containing 
a mononuclear iridium complex according to [C32] above, wherein 
X c and Y° in the formula (C-8) independently represent a reactive 
20 substituent, and Z c in the formula (C-9) represents a hydrogen 
atom, a halogen atom, a nitro group, an amino group, a sulfonic 
acid group, a sulfonic acid ester group, or an organic group having 
1 to 20 carbon atoms which may have one or more heteroatoms. 
[C38] The method of producing a polymerizable compound containing 
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a mononuclear iridium complex according to [C37] above, wherein 
Z c in the formula (C-9) represents a hyciroxyl group. 
[C39] The method of producing a polymer iz able compound containing 
a mononuclear iridium complex according to [C38] above, wherein 
5 the compound having a polymerizable functional group is an acid 
halide. 

[C40] The miethod of producing a polymerizable compound containing 
a mononuclear iridium complex according to [C37] above, wherein 
the compound having a polymerizable functional group is an 

10 isocyanate compound. 

[C41] A method of producing a polymerizable compound containing 
an iridium complex part, comprising reacting an iridium complex 
represented by the formula (C-10) with a compound having 
polymerizable functional group in a predetermined molar ratio,, 

15 and optionally reacting an unreacted reactive substituent, if any> 
of the obtained product with an unpolymerizable compound; ' 




i . 
i 
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independently represent a hydrogen atom, a halogen atom, a nitro 
group, an amino group, a sulfonic acid group, a sulfonic acid ester 
group, or an organic group having 1 to 20 carbon atoms which may 
have one or more heteroatoms . 
5 [C42] The method of producing a polymerizable compound containing 
an iridium complex part according to [C41] above, wherein the 
molar ratio of the iridium complex represented by the formula 
(C-10) to the compound having a polymerizable functional group 
is 1: (0.5 to 1.5) . 
10 [C43] The method of producing a polymerizable compound containing 
an iridium complex part according to [C42] above, wherein the 
reactive substituent in the formula (C-10) is a hydroxyl group. 
[C44 ] The method of producing a polymerizable compound containing 

an iridium complex part according to [C43] above, wherein th$ 

i 

15 compound having a polymerizable functional group is an acid 
halide. 

[C45] The method of producing a polymerizable compound containing 
an iridium complex part according to [C43] above, wherein the 
compound having a polymerizable functional group is an isocyanate 
20 compound. 

[C46] The method of producing a polymerizable compound containing 
an iridium complex part according to [C41] above, wherein the 
molar ratio of the iridium complex represented by the formula 
(C-10) to the compound having a polymerizable functional group 
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is 1: (1.5 to 2.5) . . 

■ 

[C47 ] The method of producing a polymer izable compound containing 
an iridium complex part according to [C46] above, wherein the 
reactive substituent in the formula (C-10) is a hydroxyl group, 
5 [C48] The method of producing a polymerizable compound containing 
an iridium complex part according to [C47] above, wherein the 
compound having a polymerizable functional group is an acid 
halide. 

[C49] The method of producing a polymerizable compound containing 
10 an iridium complex part according to [C47] above, wherein the 
compound having a polymerizable functional group is an isocyanate 
compound. 

[C50] The method of producing a polymerizable compound containing 
an iridium complex part according to [C41] above, wherein the 
15 molar ratio of the iridium complex represented by the formula 
(C-10) to the compound haying a polymerizable functional group 
is 1: (2.5 or more) • 

[C51 ] The method of producing a polymerizable compound containing 
an iridium complex part according to [C50] above, wherein the 
20 reactive substituent in the formula (C-10) is a hydroxyl group. 
[C52] The method of producing a polymerizable compound containing 
an iridium complex part according to [C51] above, wherein the 
compound having a polymerizable functional group is an acid 
halide. 
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[C53 ] The method of producing a polymer! zable compound containing 
an iridium complex part according to [C51] above, wherein the 
. compound having a polymeri zable. functional group is an isocyanate 
compound . 

5 [C54] A compound represented by the formula (C L 11) : 




(C-11) 



wherein at least one of X°, Y°, and Z c represents a hydroxyl group, 
and the remainder of X c , Y*, and Z c independently represent a 
hydrogen atom, a halogen atom, a nitro group, an amino group, a 

10 sulfonic acid group, a sulfonic acid ester group, or an organic 
group having 1 to 20 carbon atoms which may have one or more 
heteroatoms; and R 1 to R 21 independently represent a hydrogen atom, 
a halogen atom, a nitro group, an amino group, a sulfonic acid 
group, a sulfonic acid ester group, or an organic group having 

15 1 to 20 carbon atoms which may have one or more heteroatoms. 
[C55] The compound according to [C54] above, wherein one of X c , 
Y°, and Z c in the formula (C-11) is a hydroxyl group. 
[C56] A compound represented by the formula (C-12) : 
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(C-12) 



[C57] The compound according to [C54] above, wherein two of X c 
Y°, and Z c in the formula (C-ll) are a'hydroxyl group. 
[C58] A compound represented by the formula (C-13) : 




(C-13) 



[C59] The compound according to [C54] above, wherein all of X c 
Y°, and Z c in the formula (C-ll) are a hydroxyl group. 
[C60] A compound represented by the formula (C-14) : 




(C-14) 



OH 



[Dl] A polymerizable compound represented by the formula (D 
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1): 

Y 1D 




(D-D 



wherein at least one of X 1D , Y 1D , and Z 10 represents a substituent 
having a polymerizable functional group, and the remainder of X 1D , 
5 Y 1D , and 2 1D independently represent a hydrogen atom, or an organic 

* 

group having 1 to 20 carbon atoms which may have one or more 
heteroatoms, and R 1 to R 16 independently represent a hydrogen atom, 
a halogen atom, a nitro group, an amino group, a sulfonic acid 
group, a sulfonic acid ester group, or an organic group having 
10 1 to 20 carbon atoms which may have one or more heteroatoms, 
[D2] The polymerizable compound according to [Dl] above, wherein 
one of X 1D or Z 1D in the formula (D-l) is a substituent having a 
polymerizable functional group. 

[D3] A polymerizable compound represented by the formula (D- 
15 2) : 
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(D-2) 



wherein X 1D represents a substituent having a polymerizable 
functional groups and Q 1D and Q 2D independently represent a 
hydrogen atom, or an organic group having 1 to 20 carbon atoms 
5 which may have one or more heteroatoms. 

[D4] The polymerizable compound according to any one of [Dl] to 
[D3] above, wherein the polymerizable functional group is a group 
having a carbon-carbon double bond. 

[D5] A polymerizable compound represented by the formula (D- 
10 3) : 




(D-3) 



[D6] The polymerizable compound according to any one of [Dl] to 
[D3] above, wherein the polymerizable functional group is a styryl 
group. 

15 [D7] A polymerizable compound represented by the formula (D- 
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4) : 




(D-4) 



[D8] The polymer izable compound according to any one of [Dl] to 
[D3] above, wherein the polymer izable functional group is an 
5 acrylate group or a iaethacrylate group. 

[D9] A polymerlzable compound represented by the formula (D- 

i 

5) : 




(D-5) 



wherein R represents a hydrogen atom or a methyl group. 
10 [D10] A polymerizable compound represented by the formula (D- 
6) : 



- 40 - 



\ 



WO 03/001616 



PCT/JP02/06139 




0 o 

\ * 

\ * 



N----Ir N 





0 



(D-6) 



wherein R represents a hydrogen atom or a methyl group. 

[D7] A polymerizable compound represented by the formula (D- 

7): 




N—Ir— - : 





(D-7) 



wherein R represents a hydrogen atom or a methyl group. 
[D12] A polymerizable compound represented by the formula (D- 
8) : 




U K 
H n 
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wherein R represents a hydrogen atom or a methyl group. 

[D13] A polymerizable compound represented by the formula (D- 

9): 




0 O 




— -Ir— N 




(D-9) 



5 wherein R represents a hydrogen atom or a methyl group. 

[D14] A polymerizable compound represented by the formula (D- 
10) : 




(D-10) 



wherein R represents a hydrogen atom or a methyl group. 
10 [D15] A polymerizable compound represented by the formula (D- 



11) : 
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0 0 



N----Ir— -N 





(D-ll) 



wherein R represents a hydrogen atom or a methyl group. 

[D16] A polymerizable compound represented by the formula (D- 

12): 



N--"Ir---N 





(D-12) 



wherein R represents a hydrogen atom or a methyl group. ■ 
[D17] A polymerizable compound represented by the formula (D- 
13) : 



N----Ir---N 






(D-13) 



10 [D18] The polymerizable compound according to [Dl] above, wherein 
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Y 1D in the formula (D-l) is a substituent having a polymer izable 
functional group. 

■ 

[D19] A polymerizable compound represented by the formula (D- 
14): 



5 




(D-14) 



wherein Y 1D represents a substituent having a polymerizable 
functional group, and Q 2D and Q 3D independently represent a 
hydrogen atom, or an organic group having 1 to 20 carbon atoms 
which may have one or more heteroatoms. i 

■ 

10 [D20] The polymerizable compound according to [D18] or [D19] 

; • I 

above, wherein the polymerizable functional group is a group 
having a carbon-carbon double bond/ 

[D21] The polymerizable compound according to [D18] or [D19] 
above, wherein the polymerizable functional group is a styryl 
15 group. 

[D22] The polymerizable compound according to [D18] or [D19] 
above, wherein the polymerizable functional group is an acrylate 
group or a methacrylate group. 

[D23] A polymerizable compound represented by the formula (D- 

♦ 
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15) : 



o 




(D-15) 



wherein R represents a hydrogen atom or a methyl group. 

[D24] A polymerizable compound represented by the formula (D- 
16) : 




wherein R represents a hydrogen atom or a methyl group. 

[D25] A method of producing a polymerizable compound containing 

« 

a mononuclear iridium complex part, comprising reacting a 
binuclear iridium complex represented by the formula (D-17) with 
a compound having a polymerizable functional group represented 
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by the formula (D-18) below: 



31 R 3° 



R 
R 



r6 R ^ Rl 

7 



,29 



28 




(D-17) 



wherein R 1 to R 32 independently represent a hydrogen atom, a halogen 
atom, a nitro group, an amino group, a sulfonic acid group, a 

sulfonic acid ester group, or an organic group having 1 to 20 carbon 

i 

atoms which may have one or more heteroatoms; 



►ID 



Vr 



ID 



(D-18) 



wherein at least one of X 1D , Y 1D , and Z 1D represents a substituent 
having a polymerizable functional group, and the remainder of X 1D , 



Y ID , and Z xo independently represent a hydrogen atom, or an organic 
group having 1 to 20 carbon atoms which may have one or more 
heteroatoms. 



[D26] The method of producing a polymerizable compound containing 



! 
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a mononuclear iridium complex part according to [D25] above, 
wherein X 1D or Z 1D in the formula (D-18) is a substituent having 
a polymerizable functional group, 

■ 

[D27 ] The method of producing a polymerizable compound containing 
5 a mononuclear iridium complex part according to [D25] above, 
wherein in the formula (D-18) is a substituent having a 
polymerizable functional group. 

[D28] A method of producing a polymerizable compound containing 
a mononuclear iridium complex part, comprising reacting a 
10 binuclear iridium complex represented by the formula (D-17) with 
a compound having a polymerizable functional group represented 
by the formula (D-19) below and then reacting a reactive 
substituent of the obtained mononuclear iridium complex with a 
compound having a polymerizable functional group: 



15 




(D-17) 



wherein R 1 to R 32 independently represent a hydrogen atom, a halogen 
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atom, a nitro group, an amino group, a sulfonic acid group, a 
sulfonic acid ester group, or an organic group having 1 to 20 carbon 
atoms which may have one or more heteroatoms; 



5 wherein at least one of X , Y , and Z 2D represents a substituent 
having a polymerizable functional group, and the remainder of X 2D , 
Y 2D , and Z 2D independently represent a hydrogen atom, or an organic 
group having 1 to 20 carbon atoms which may have one or more 
heteroatoms. 

10 [D29] The method of producing a polymerizable compound containing 
a mononuclear iridium complex part according to [D28] above, 
wherein X 2D or Z 2D in the formula (D-19) is a substituent having 
a hydroxyl group. 

[D30] The method of producing a polymerizable compound containing 
15 a mononuclear iridium complex part according to [D28] above, 
wherein Y 2D in the formula (D-19) is a substituent having a hydroxyl 
group. 

* 

■ 

[D31] A compound represented by the formula (D-20) : 




(D-19) 



0 



0 



- 48 - 



WO 03/001616 PCT/JP02/06139 




(D-20) 



wherein at least one of X , Y , and Z 2D represents a substituent 
having a hydroxyl group, and the remainder of X 2D , Y 2D , and Z 2D 
independently represent a hydrogen atom, or an organic group 
5 having 1 to 20 carbon atoms which may have one or more heteroatoms; 
and R x to R 16 independently represent a hydrogen atom, a halogen 
atom, a nitro group, an amino group, a sulfonic acid group, a 
sulfonic acid ester group, or an organic group having 1 to 20 carbon 
atoms which may have one or more heteroatoms. 
10 [D32] The compound according to [D31] above, wherein X 2D or Z 2D 
in the formula (D-20) is a substituent having a hydroxyl group. 
[D33] A compound represented by the formula (D-21) : 




(D-21) 
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wherein n is 0 or an integer of 1 to 20, and Q 1D and Q 2D independently 
represent a hydrogen atom, or an organic group having 1 to 20 carbon 
atoms which may have one or more heteroatoms . 
[D34] A compound represented by the formula (D-22) : 



5 




(D-22) 



wherein n is 0 or an integer of 1 to 20, and Q 10 and Q 2D independently 
represent a hydrogen atom, or an organic group having 1 to 20 carbon 
atoms which may have one or more heteroatoms, 

[D35] The compound according to [D31] above, wherein Y 2D in the 

i 

10 formula (D-20) is a substituent having a hydroxyl group. 

I- 

[D36] A compound represented by the formula (D-23) : 

.OH 




(D-23) 



wherein n is 0 or an integer of 1 to 20, and Q 2D and Q 3D independently 
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represent a hydrogen atom, or an organic group having 1 to 20 carbon 
atoms which may have one or more heteroatoms . 
[D37] A polymer of the polymerizable compound according to any 
one of [Dl] to [D24] above. 
5 [D38] A polymer obtained by polymerizing a composition containing 
at least one of the polymerizable compounds according to [Dl] to 

■ 

[D24] above. 

[El] A polymerizable compound represented by the formula (E- 
1) : 



10 




(E-l) 



wherein X represents a substituent having a polymerizable 
functional group; R 1E , R 2B and R 3E independently represent a 
hydrogen atom, a halogen atom, or an organic group having 1 to 
20 carbon atoms which may have one or more heteroatoms; and R 4 
15 to R 19 independently represent a hydrogen atom, a halogen atom, 
a nitro group, an amino group, a sulfonic acid group, a sulfonic 
acid ester group, or an organic group having 1 to 20 carbon atoms 
which may have one or more heteroatoms. 

■ 
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[E2] The polymer izable compound according to [El] above, wherein 
the polymerizable functional group of X E in the formula (E-l) is 
a group having a carbon-carbon double bond. 

■ 

[E3] A polymerizable compound represented by the formula (E- 
2): 




(E-2) 



wherein X B represents a substituent having a polymerizable 
functional group. 

[E4] The polymerizable compound according to [El] or [E3] above, 
wherein the polymerizable functional group is an acryloyloxy 
group or a methacryloyloxy group. 

[E5] The polymerizable compound according to [El] or [E3] above, 

- 

wherein the polymerizable functional group of X s in the formula 
(E-l) or (E-2) is a methacryloyloxy group. 

[E6] A polymerizable compound represented by the formula (E- 
3): 



1 

I 

\ 
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(E-3) 



[E7] The polymerizable compound according to [El] or [E3] above, 

wherein the polymerizable functional group of X E in the formula 

(E-1) or (E-2) is a methacryloyloxymethyl group. 

[E8] A polymerizable compound represented by the formula (E- 

4): 




F 



[E9] The polymerizable compound according to [El] or [E3] above, 
wherein the polymerizable functional group of X B in the formula 

(E-l) or (E-2) is a methacryloyloxyethyl-carbamoyloxymethyl 
group. 

[E10] A polymerizable compound represented by the formula (E- 
5) : 
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F 



[Ell] The polymerizable compound according to [El] or [E3] above, 
wherein the polymerizable functional group of X E in the formula 
(E-l) or (E-2) is a methacryloyloxyethyloxycarbonyl group. 
[E12] A polymerizable compound represented by the formula (E- 
6) : 




[E13] The polymerizable compound according to [El] or [E3] above, 
wherein the polymerizable functional group is a styryl group. 
[E14] The polymerizable compound according to [El] or [E3] above, 
wherein the polymerizable functional group of X E in the formula 
(E-l) or (E-2) is a vinylbenzyloxy group. 

[E15] A polymerizable compound represented by the formula (E- 
7) : 
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(E~7) 



F 



[El 6] A polymer! zable compound represented by the formula (E- 
8): 




(E-8) 



5 [E17] A method of producing a polymer izable compound containing 
a mononuclear iridium complex part, comprising reacting a 
binuclear iridium complex represented by the formula (E-9) with 
a picolinic acid derivative represented by the formula (E-10) and 
then reacting the obtained reaction product with a compound having 
10 both a polymerizable functional group and a functional group 
capable of reacting with and bonding the reactive substituent Y B 
derived from a compound represented by the formula (E-10) below: 
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(E-9) 



wherein R 4 to R 19 independently represent a hydrogen atom, a halogen 
atom, a nitro group, an amino group, a sulfonic acid group, a 
sulfonic acid ester group, or an organic group having 1 to 20 carbon 
5 atoms which may have one or more heteroatoms; 




(E-10) 



wherein Y E represents a reactive substituent; and R lfi , R 2E and R 3E 
independently represent a hydrogen atom, a halogen atom, or an 
organic group having 1 to 20 carbon atoms which may have one or 
10 more heteroatoms. 

[El 8] The method of producing a polymerizable compound containing 
a mononuclear iridium complex part according to [E17] above, 
wherein Y B in the formula (E-10) is a group having an active 
hydrogen. 

15 [E19] The method of producing a polymerizable compound containing 
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a mononuclear iridium complex part according to [E17] above, 
wherein Y B in the formula (E-10) is a hydroxyl group or a 
hydroxymethyl group. 

[E20] The method of producing a polymer! zable compound containing 
5 a mononuclear iridium complex part according to [E19] above, 
wherein the compound having both a polymerizable functional group 
and a functional group capable of reacting with and bonding the 
reactive substituent Y E is an acid chloride compound having a 
polymerizable functional group. 
10 [E21] The method of producing a polymerizable compound containing 
a mononuclear iridium complex part according to [E19] above, 
wherein the compound having both a polymerizable functional group 
and a functional group capable of reacting with and bonding the 

- 

reactive substituent Y E is an alkyl halide compound having $ 
15 polymerizable functional group. 

i 

|- 

[E22 ] The method of producing a polymerizable compound containing 
a mononuclear iridium complex part according to [E18] or [E19] 
above, wherein the compound having both a polymerizable 
functional group and a functional group capable of reacting with 
20 and bonding the reactive substituent Y E is an isocyanate compound 
having a polymerizable functional group. 

[E23] The method of producing a polymerizable compound containing 
a mononuclear iridium complex part according to [E17] above, 
wherein Y E in the formula (E-10) is a carboxyl group. 
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[E24] The method of producing a polymerizable compound containing 
a mononuclear iridium complex part according to [E23] above, 
wherein the compound having both a polymerizable functional group 
and a functional group capable of reacting with and bonding the 
5 reactive substituent Y E is a compound having a hydroxyl group and 
a polymerizable functional group. 

[E25] A method of producing a polymerizable compound containing 
a mononuclear iridium complex part, comprising reacting a 
binuclear iridium complex represented by the formula (E-9) and 
10 a picolinic acid derivative represented by the formula (E-ll) : 




(E-9) 



wherein R 4 to R 19 independently represent a hydrogen atom, a halogen 
atom, a nitro group, an amino group, a sulfonic acid group, a 
sulfonic acid ester group, or an organic group having 1 to 20 carbon 
15 atoms which may have one or more heteroatoms; 
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(E-ll) 



wherein X E represents a substituent having a polymer izable 
functional group, and R 1E , R 2E and R 3E independently represent a 
hydrogen atom, a halogen atom, or ah organic group having 1 to 
20 carbon atoms which may have one or more heteroatoms. 
[E26] The method of producing a polymerizable compound containing 
a mononuclear iridium complex part according to [E25] above, 
wherein X E in the formula (E-ll) is any one member selected from 
the group consisting of a methacryloyloxy group, a 
methacryloyloxymethyl group, a methacryloyloxyethylcarbamoyl- 
oxymethyl group, a methacryloyloxyethyloxycarbonyl group, and a 
vinylbenzyloxy group. i 
[E27] A compound represented by the formula (E-12) : 




I 
i 
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independently represent a hydrogen atom, a halogen atom, or an 
organic group having 1 to 20 carbon atoms which may have one or 
more heterpatoms, and R 4 to R 19 independently represent a hydrogen 
atom, a halogen atom, a nitro group, an amino group, a sulfonic 
5 acid group, a sulfonic acid ester group, or an organic group having 
1 to 20 carbon atoms which may have one or more heteroatoms. 
[E28] The compound according to [E27] above, wherein Y E in the 
formula (E-12) is a hydroxyl group. 
[E29] A compound represented by the formula (E-13) : 




(E-13) 



10 F 

[E30] A compound represented by the formula (E-14) : 




(E-14) 



[E31] A compound represented by the formula (E-15) : 
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(E-15) 



[E32] A polymer izable composition containing the polymerizable 
compound according to any one of [El] to [E16] above, 
'[E33] A polymer of the polymerizable compound according to any 
5 one of [El] to [E16] . 

[E34] A polymer obtained by polymerizing the polymerizable 
composition according to [E32] above. 

[Fl] A polymerizable compound represented by the formula (F- 
1): 





ylP 






R 1 


q p 




— -Ir 





,1P 



10 




R 8 




(F-l) 



wherein at least one of X , Y / and Z * represents a substituent 
having a polymerizable functional group, and the remainder of X lp , 
Y ie , and Z 1T independently represent a hydrogen atom, a halogen 
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atom, or an organic group having 1 to 20 carbon atoms which may 
have one or more heteroatoms; and R 1 to R 16 independently represent 
a hydrogen atom, a halogen atom, a nitro group, an amino group, 
a sulfonic acid group, a sulfonic acid ester group, or an organic 
5 group having 1 to 20 carbon atoms which may have one or more 
heteroatoms. 

[F2] The polymerizable compound according to [Fl] above, wherein 
either one of X 1F and Z 1F is a substituent having a polymerizable 
functional group, 
10 [F3] A polymerizable compound represented by the formula (F- 
2): 




(F-2) 



wherein X represents a substituent having a polymerizable 
functional group, and Q 1P and Q 2F independently represent a 
15 hydrogen atom, a halogen atom, or an organic group having 1 to 
20 carbon atoms which may have one or more heteroatoms, 
[F4] The polymerizable compound according to any one of [Fl] to 
[F3] above, wherein the polymerizable functional group is a group 
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having a carbon-carbon double bond. 

[F5] A polymer izable compound represented by the formula (F- 
3) : 




(F-3) 



5 wherein n is 0 or an integer of 1 to 20. 

[F6] The polymerizable compound according to any one of [Fl] to 
[F3] above, wherein the polymerizable functional group is a styryl 
group . 

[F7] A polymerizable compound represented by the formula (F- 
10 4) : 




(F-4) 



wherein n is 0 or an integer of 1 to 20. 

[F8] A polymerizable compound represented by the formula (F 
5): 
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(F-5) 



[F9] The polymerizable compound according to any one of [Fl] to 
[F3] above, wherein the polymerizable functional group is an 
alkenoyloxy group. 

[F10] A polymerizable compound represented by the formula (F- 
6) : 




(F-6) 



wherein n is 0 or an integer of 1 to 20, and A represents an organic 
group having 3 to 20 carbon atoms that has an acryloyl group, a 
methacryloyl group, an acryloyloxy group, or a methacryloyloxy 
group. 

[Fll] A polymerizable compound represented by the formula (F- 
7): 
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O 




(F-7) 



wherein R represents a hydrogen atom or a methyl group. 
[F12] A polymerizable compound represented by the formula (F 
8): 




wherein R represents a hydrogen atom or a methyl group. 
[F13] A polymerizable compound represented by the formula (F 

■ ■ * 

9) : 
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(F-9) 



wherein n is 0 or an integer of 1 to 20, and A represents an organic 
group having 3 to 20 carbon atoms that has an acryloyl group, a 
methacryloyl group, an acryloyloxy group, or a methacryloyloxy 

* 

5 group. 

[F14] A polymerizable compound represented by the formula (F- 
10): 




(F-10) 



wherein R represents a hydrogen atom or a methyl group. 

* 

10 [F15] A polymerizable compound represented by the formula (F- 
11) : 
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wherein. R represents a hydrogen atom or a methyl group. 
[F16] The polymer izable compound according to [Fl], wherein Y 1P 
in the formula (F-l) is a substituent having a polymerizable 
functional group. 

[F17] A polymerizable compound represented by the formula (F- 
12): 




(F-12) 



wherein Y 1F represents a substituent having a polymerizable 
functional group, and Q 2F and Q 3F independently represent a 
hydrogen atom, a halogen atom, or an organic group having 1 to 
20 carbon atoms which may have one or more heteroatoms. 
[F18] The polymerizable compound according to [F16] or [F17] 
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above, wherein the polymerizable functional group is a group 
having a carbon-carbon double bond. 

[F19] The polymerizable compound according to [F16] or [F17] 
above, wherein the polymerizable functional group is a styryl 



5 group. 



[F20] The polymerizable compound according to [F16] or [FIT] 
above, wherein the polymerizable functional group is an 
alkenoyloxy group. 

[F21] A polymerizable compound represented by the formula (F- 



10 13) : 




(F-13) 



wherein R represents a hydrogen atom or a methyl group. 

[F22] A polymerizable compound represented by the formula (F- 

14) : 



68 



I 

i 

WO 03/001616 PCT/JP02/06139 




wherein R represents a hydrogen atom or a methyl group. 
[F23] A method of producing a polymerizable compound containing 
a mononuclear iridium complex part/ comprising reacting a 
5 binuclear iridium complex represented by the formula (F-15) below 
with a compound having a polymerizable functional group 
represented by the formula (F-16) below: 




(F-15) 



wherein R 1 to R 16 independently represent a hydrogen atom, a halogen 
10 atom, a nitro group, an amino group , a sulfonic acid group, a 
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sulfonic acid ester group, or an organic group having 1 to 20 carbon 
atoms which may have one or more heteroatoms; 



z 1 * 



(F-16) 

0 O 



wherein at least one of X 1P , Y 1F , and Z 1F represents a substituent 
5 having a polymerizable functional group, and the remainder of X 1F , 



Y 1P / and Z 1F independently represent a hydrogen atom, a halogen 
atom or an organic group having 1 to 20 carbon atoms which may 
have one or more heteroatoms. 

[F24] The method of producing a polymerizable compound containing 
10 a mononuclear iridium complex part according. to [F23] above, 
wherein X lp or Z 1F in the formula (F-16) is a substituent having 
a polymerizable functional group. 

[F25] The method of producing a polymerizable compound containing 
a mononuclear iridium complex part according to [F231 above, 
15 wherein Y 1F in the formula (F-16) is a substituent having a 
polymerizable functional group. 

[F26] A method of producing a polymerizable compound containing 
a mononuclear iridium complex part, comprising reacting a 
binuclear iridium complex represented by the formula (F-15) with 
20 a compound having a reactive substituent represented by the 
formula (F-17) below, and then reacting a reactive substituent 
of the obtained mononuclear iridium complex with a compound having 
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both a polymerizable functional group and a functional group 
capable of reacting with and bonding to a reactive functional 
substituent derived from the compound of the formula (F-17) (at 
least one of X 2P , Y 2F , and Z 2F ) : 




(F-15) 



wherein R 1 to R 16 independently represent a hydrogen atom, a halogen 

« 

i 

atom, a nitro group, an amino group, a sulfonic acid group, a 
sulfonic acid ester group, or an organic group having 1 to 20 carbon 
atoms which may have one or more heteroatoms. 



10 



>2F 



X *SV 

0 0 



2F 



(F-17) 



wherein at least one of X 2F , Y , and Z 2F represents a reactive 
substituent, and the remainder of X 2F , Y 2F , and Z 2F independently 
represent a hydrogen atom, a halogen atom or an organic group 
having 1 to 20 carbon atoms which may have one or more heteroatoms . 
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[F27] The method of producing a polymerizable compound containing 
a mononuclear iridium complex part according to [F26] above, 
wherein X B , Y B or Z B in the formula (F-17) is a substituent having 
an active hydrogen. 

[F28] The method of producing a polymerizable compound containing 
a mononuclear iridium complex part according to [F26] above, 
wherein X 2F or Z 2F in the formula (F-17) is a substituent having 
a hydroxyl group. 

[F29] The method of producing a polymerizable compound containing 
a mononuclear iridium complex part according to [F26] above, 
wherein Y 2F in the formula (F-17) is a substituent having a hydroxyl 
group. 

[F30] A compound represented by the formula (F-18) : 

v2 p " • 1 




(F-18) 



wherein at least one of X 2F , Y 2F , and Z 2F represents a substituent 
having a hydroxyl group, and the remainder of X 2F , Y 2F , and Z 2F 
independently represent a hydrogen atom, a halogen atom or an 
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organic group having 1 to 20 carbon atoms which may have one or 
more heteroatoms; and R 2 to R 16 independently represent a hydrogen 
atom, a halogen atom, a nitro group, an amino group, a sulfonic 
acid group, a sulfonic acid ester group, or an organic group having 
5 1 to 20 carbon atoms which may have one or more heteroatoms. 
[F31] The compound according to [F30] above, wherein X 2P or Z 2F 
in the formula (F-18) is a substituent having a hydroxyl group. 
[F32] A compound represented by the formula (F-19) : 




(F-19) 



10 wherein is 0 or an integer of 1 to 20, and Q 1F and Q 2F independently 
represent a hydrogen atom, a halogen atom, or an organic group 
having 1 to 20 carbon atoms which may have one or more heteroatoms . 
[F33] A compound represented by the formula (F-20) : 
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(F-20) 



wherein is 0 or an integer of 1 to 20, and Q 1F and Q 2 * independently 
represent a hydrogen atom, a halogen atom, or an organic group 
having 1 to 20 carbon atoms which may have one or more heteroatoms . 
5 [F34] The compound according to [E30] above, wherein Y 2F in the 
formula (E-18) is a substituent having a hydroxyl group. 
[F35] A compound represented by the formula (F-21): 




(F-21) 



wherein n is 0 or an integer of 1 to 20, and Q 2F and Q 3 * independently 
10 represent a hydrogen atom, a halogen atom, or an organic group 
having 1 to 20 carbon atoms which may have one or more heteroatoms . 
[F36] A polymer of the polymerizable compound according to any 
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one of [Fl] to [F22] above. 

[F37] A polymer obtained by polymerizing a polymerizable 
composition containing at least one of the polymerizable 
compounds according to [Fl] to [F22] above. 
5 [F38] A polymerizable composition containing at least one of the 
polymerizable compounds according to [Fl] to [F22] above. 
[Gl] A polymerizable compound represented by the formula (G- 
1): 




(G-l) 



R 5 R 6 



10 wherein L represents a monovalent anionic bidentate ligand, Xf 
represents a substituent having a polymerizable functional groupj 
and R 1 to R 7 independently represent a hydrogen atom, a halogen 
atom, a nitro group, an amino group, a sulfonic acid group, a 
sulfonic acid ester group, or an organic group having 1 to 20 carbon 

15 atoms which may have one or more heteroatoms. 

[G2] A polymerizable compound represented by the formula (G- 
2): 
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(G-2) 



wherein A 1G , A 2G , and A 3G independently represent a hydrogen atom, 
a halogen atom or an organic group having 1 to 20 carbon atoms 
which may have one or more heteroatoms; X G represents a substituent 
5 having a polymerizable functional group, and R 1 to R 7 independently 
represent a hydrogen atom, a halogen atom, a nitro group, an amino 

■ 

group, a sulfonic acid group, a sulfonic acid ester group, or an 
organic group having 1 to 20 carbon atoms which may have one or 
more heteroatoms. 

10 [G3] The polymerizable compound according to [Gl] or [G2] above, 
wherein the polymerizable functional group of X° in the formula 
(G-l) or (G-2) is a group having a carbon-carbon double bond. 
[G4] The polymerizable compound according to [Gl] or [G2] above, 
wherein X G in the formula (G-l) or (G-2) is any one of a 

15 methacryloyloxy group, a methacryloyloxyethylcarbamoyloxy group, 
and a vinylbenzyloxy group. 

[G5] A polymerizable compound represented by the formula (G- 
3) : 

( * 

■ 
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(G-3) 



[G6] A polymerizable compound represented by the formula (G 
4): 




[G8] A method of producing a polymerizable compound containing 
a mononuclear iridium complex part, comprising reacting a 
10 binuclear iridium complex represented by the formula (G-6) with 
a monovalent anionic bidentate ligand L, and then reacting the 
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reaction product with a compound having both a polymerizable 
functional group and a functional group capable of reacting with 
and binding to the substituent Y° having a reactive functional 
group in the compound represented by the formula (G-6) : 



5 




(G-6) 



wherein Y° is a substituent having a reactive functional group, 
and R 1 to R 7 independently represent a hydrogen atom, a halogen 
atom, a nitro group, an amino group, a sulfonic acid group, at 

■ 

sulfonic acid ester group, or an organic group having 1 to 20 carbon 

* 

10 atoms which may have one or more heteroatoms. 

[G9] The method of producing a polymerizable compound containing 
a mononuclear iridium complex part according to [G8] above, 
wherein Y° in the formula (G-6) is a group having an active 
hydrogen. 

15 [G10] The method of producing a polymerizable compound containing 
a mononuclear iridium complex part according to [G8] above, 
wherein Y* in the formula (G-6) is a substituent having a hydroxyl 
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group . 

[Gil] The method of producing a polymer! zable compound containing 
a mononuclear iridium complex part according to [G10] above, 
wherein the compound having both a polymerizable functional group 
5 and a functional group capable of reacting with and binding to 
the substituent Y 6 having a reactive group derived from the 
compound represented by the formula (G-6) is an acid halide 
compound having a polymerizable functional group or an alkyl 
halide compound having a polymerizable functional group. 

10 [G12] The method of producing a polymerizable compound containing 
a mononuclear iridium complex part according to [G9] or [G10] 
above, wherein the compound having both a polymerizable 
functional group and a functional group capable of reacting with 
and binding to the substituent Y° having a reactive group derived^ 

15 from the compound represented by the formula (G-6) is ari 
isocyanate compound having a polymerizable functional group. 
[G13] A method of producing a polymerizable compound containing 
a mononuclear iridium complex part, comprising reacting a 
binuclear iridium complex represented by the formula (G-7) below 

20 with a monovalent anionic bidentate ligand L: 
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(G-7) 



wherein X G is a substituent having a polymer izable functional 
group, and R 1 to R 7 independently represent a hydrogen atom, a 
halogen atom, a nitro group, an amino group, a sulfonic acid group, 
5 a sulfonic acid ester group, or an organic group having 1 to 20 
carbon atoms which may have one or more heteroatoms. 
[G14] A method of producing a polymer izable compound containing 
a mononuclear iridium complex part according to [G13] above, 
wherein X G in the formula (G-7) is any one of a methacryloyloxy 

« 

10 group, a methacryloyloxyethylcarbamoyloxy group, and a 
vinylbenzyloxy group. 

[G15] A binuclear iridium complex represented by the formula 
(G-6) : 
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(G-6) 



wherein Y 6 is a substituent having a reactive functional group, 
and R 1 to R 7 independently represent a hydrogen atom, a halogen 
atom, a nitro group, an amino group, a sulfonic acid group, a 
5 sulfonic acid ester group, or an organic group having 1 to 20 carbon 
atoms which may have one or more heteroatoms. 

[G16] The binuclear iridium complex according to [G15] , wherein 

■ i 

Y 6 in the formula (G-6) is a hydroxyl group. 

- ■ . : ' !■ 

[G17] A binuclear iridium complex represented by the formula 
10 (G-8) 




(G-8) 
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[G18] A compound represented by the formula (G-9) : 




(6-9) 



wherein L represents a monovalent anionic bidentate ligand, Y° 
represents a substituent having a reactive functional group, and 
5 R 1 to R 7 independently represent s hydrogen atom, a halogen atom, 
a nitro group, an amino group, a sulfonic acid group, a sulfonic 
acid ester group, or an organic group having 1 to 20 carbon atoms 
which may have one or more heteroatoms. 
[G19] A compound represented by the formula (G-10) : 




(G-10) 



wherein A 1S , A 2G , and A 3G independently represent a hydrogen atom, 
a halogen atom or an organic group having 1 to 20 carbon atoms 
which may have one or more heteroatoms, Y° represents a substituent 
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having a reactive functional group, and R 1 to R 17 independently 
represent a hydrogen atom, a halogen atom, a nitro group, an amino 
group, a sulfonic acid group, a sulfonic acid ester group, or an 
organic group having 1 to 20 carbon atoms which may have one or 
more heteroatoms. 

[G20] The compound according to [G18] or [G19] above, wherein Y 6 
in the formula (G-9) or (G-10) is a hydroxyl group. 
[G21] A compound represented by the formula (G-ll) : 




(G-ll) 



[G22] A binuclear iridium complex represented by the formula 
(G-7): 




(G-7) 
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wherein X G represents a substituent having a polymerizable 
functional group, and R 1 to R 7 independently represent a hydrogen 
atom, a halogen atom, a nitro group, an amino group, a sulfonic 
acid group, a sulfonic acid ester group, or an organic group having 
1 to 20 carbon atoms which may have one or more heteroatoms. 
[G23] The binuclear iridium complex according to [G22] above, 
wherein X° in the formula (G-7) is any one of a methacryloyloxy 
group, a methacryloyloxyethylcarbamoyloxy group, and a 
vinylbenzyloxy group. 

[G24] A composition containing the polymerizable compound 
according to any one of [G1J to [G7] above. 

■ 

» * 

[G25] A polymer of the polymerizable compound according to any 
one of [Gl] to [G7] above. 

[G26] A polymer obtained by polymerizing a composition containing 
the polymerizable compound according to any one of [Gl] to [G7] . 

BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is a cross-sectional view showing an example of an 
organic light emitting device of the present invention. 

MODE OF THE INVENTION 

Hereinafter, modes of the present invention will be 
described with reference to the attached drawing. 

Fig. 1 is a cross-sectional view showing an example of the 
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construction of the organic light emitting device of the present 
invention, which includes a hole transport layer 3, a light 
emitting layer 4 and an electron transport layer 5 provided in 
the order cited between an anode 2 provided on a transparent 
5 substrate 1 and a cathode 6 . The construction of the organic light 
emitting device is not limited to the example shown in Fig. 1 and 
may be one that has provided between the anode and the cathode 
in the order cited either (1) a hole transport layer /a light 
emitting layer or (2) a light emitting layer/an electron transport 
10 layer. Alternatively, the construction of the organic light 
emitting device of the present invention may have only one layer 
from any one of (3) a layer containing a hole transporting material, 
a light emitting material and an electron transporting material, 

(4) a layer containing a hole transporting material and a light; 

i 

15 emitting material, (5) a layer containing a light emitting 
material and an electron transporting material, and (6) a layer 
containing only a light emitting material . Furthermore, 
although the light emitting layer shown in Fig. 1 consists of one 
layer, it may consist of two or more laminated layers. 

20 In the present invention, the light emitting part means a 

part having a molecular structure that emits light from an excited 
triplet state, i.e., a phosphorescent emissive part, or a part 
having a molecular structure that emits light through an excited 
triplet state (hereinafter, referred to as a "part emits light 
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through an excited triplet state") . The light emitting parts are 
characterized by constituting a part of a polymer or being bonded 
to a polymer . The part that emits light through an excited triplet 
state refers to a system that consists of two constituent parts 
5 in which energy transfer occurs from an excited triplet state of 
the constituent part corresponding to the phosphorescent emissive, 
the first organic compound to an excited triplet state of the 
fluorescent emissive, the second organic compound, followed by 
fluorescent emission through the constituent part corresponding 

10 to the second organic compound, as disclosed in Japanese Patent 
Application Laid-open No, 2002-050483. 

In the case where the organic light emitting device of the 
present invention contains the part that emits through an excited 
triplet state as described above, it is preferred that at least 

15 one of the phosphorescent emissive part and the fluorescent 
emissive part constitutes a part of a polymer or is bonded to a 
polymer. In this case, the phosphorescent emissive part and/or 
fluorescent emissive part that constitutes a part of a polymer 
or is bonded to a polymer may form the main chain of the polymer 

20 or a side chain of the polymer (which means a pendant group formed 
by a functional group or the like pending from the main chain but 
may also be a long chain branch) . - 

The quantum efficiency of the phosphorescent emissive part 
in an excited triplet state is preferably 0.1 or more, more 
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preferably 0.3 or more and particularly preferably 0.5 or more. 
The compound having high quantum efficiency in an excited triplet 
state that can be used for the phosphorescent emissive part 
includes, for example, a metal complex and an organometallic 
5 compound. Specific examples of the metal complex and the 
organometallic compound include transition metal complexes such 
as iridium complexes and platinum complexes, organometallic 
compounds containing a transition metal such as organometallic 
iridium compounds and organometallic platinum compounds and 

10 derivatives thereof. These complexes are preferred in that they 
have relatively stable excited triplet states even at room 
temperatures. Further, they are preferred since they can be 
readily obtained by coordinating a polymer having a functional 
group capable of being coordinated to a transition metal atom as 

15 will be described later. Other compounds having high quantum 
efficiencies in an excited triplet state that can be used for the 
phosphorescent emissive part may be selected from the compounds 
described in, for example, "Handbook of Photochemistry, Second 
Edition (Steven L. Murov, et al., Marcel Dekker Inc., 1993). 

20 The transition metals used for the above-mentioned 

transition metal complexes and organometallic compounds 
containing a transition metal include elements from Atomic No. 
21, Sc, to Atomic No. 30, Zn in the first transient element series, 
from Atomic No. 39, Y to Atomic No. 48, Cd in the second transient 

* * 
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element series, and from Atomic No. 72, Hf to Atomic No. 80, Hg, 
in the third transient element series of the periodic table. 

Other specific examples of the metal complex and the 
organometallic compound that emit through an excited triplet 
5 state include rare earth metal complexes and organometallic 
compounds containing a rare earth metal. The rare earth metals 
used for the rare earth metal complexes and the organometallic 
compounds containing a rare earth metal include elements from 
Atomic No. 57, La, to Atomic No. 71, Lu, in the periodic table. 

10 In the present invention, the light emitting material means 

a light emitting substance itself. In the present invention, the 
light emitting part is a metal complex or the like, which is bonded 
to a polymer. That is, a light emitting substance is a 
polymer-in-itself, which is also a light emitting material + 

15 However, for the sake of explanation, the light emitting part 
bonded to a polymer is in some cases referred to as a light emitting 
substance. In a broader sense, the term light emitting material 
is used inclusive of those substances that constitute a light 
emitting layer containing a light emitting substance, a binder, 

20 a hole transporting material and an electron transporting 
material. 

In the present invention, the light emitting part is 
nonionic. This is because if the light emissive part is ionic, 
application of a voltage to the light emitting layer containing 
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the light emitting part results in the occurrence of 
electrochemical luminescence, which has a response speed as slow 
as an order of minutes, so that it is not suitable for applications 

■ 

to displays . 

5 In the present invention, the expression "the light 

emitting part constitutes a part of a polymer 0 means that the 
structure of a light emitting part constitutes at least one 
repeating unit of a polymer. In the case where the polymer 

■ 

concerned is a copolymer, that expression means that at least one 
10 constituent monomer has the structure of a light emitting part. 
The light emitting part may constitute the main chain of a polymer 
or a side chain (a pendant group or the like) . 

The expression "the light emitting part is bonded to a 
polymer" means that it is only required that the light emitting 
15 part is bonded to the polymer compound regardless of the degree 
and form of bonding. Specific method of this bonding may include 
a method of incorporating the light emitting part as a main chain 
of the polymer, a method of bonding the light emitting part to 
the polymer as a side chain (including a pendant group) and the 
20 like . However, the present invention is not limited thereto. In 
the case of the transition metal complexes and rare earth metal 
complexes, mention may be made of a method of incorporating at 
least one of the ligands that constitute the complex into the main 

» 

chain of the polymer, a method of bonding at least one of ligands 
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that constitute the complex into a side chain of the polymer and 
the like. 

Examples of the ligand used for the above-mentioned 
transition metal complexes and rare earth metal complexes include 
5 acetylacetonato, 2,2 f -bipyridine, 4, 4 1 -dime thy 1-2,2 f - 

r 

bipirydine, 1, 10-phenan thro line, 2-phenylpyridine, porphyrin, 
phthalocyanine, pyrimidine, quinoline, 2-benzothienylpyridine 
and/or derivatives thereof. However, the present invention is 
by no means limited thereto. One kind or plural kinds of ligands 

10 may be coordinated for a single complex. The above-mentioned 
complex compounds that can be used include a binuclear complex 
or a polynuclear complex or a double complex form composed of 
two or more kinds of complexes. 

In the present invention, the metal atom that serves as a 

15 central metal of the metal complex structure used in the light 
emitting part is bound to at least one site of a polymer. The 
method of achieving this is not particularly limited and includes 
various formations including complex formation through 
coordinate bonds, complex formation through charge transfer, 

20 covalent bonds, ionic bonds, and the like. In this case, the 
method of bonding ligands to a polymer to form a complex of a light 
emitting substance is preferred since it can immobilize the 
ligands to the polymer with a reduced change in the state of 
electron of the light emitting substance. On this occasion, the 
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method of binding ligands to a polymer to form a complex is 
particularly preferred since it is easy to design and synthesize 
the material. In the case where the metal atom that serves as 
the central metal is ion, a method of rendering the light emitting 
5 part neutral is adopted for the reasons described above. This 
method includes, for example, a method of forming an 
organometallic compound having a coordinate bond together with 
a covalent bond sufficient for neutralizing the valence of the 
metal ion. However , the present invention is by no means limited 
10 thereto. 

The polymer that immobilizes the metal atom in the present 
invention is not particularly limited. For example, polymers 
having bound to the main chain or side chain thereof a heterocyclic 
compound having capability of coordination, such as pyridin^ 

■ 

15 group, bipyridyl group, pyrimidine group, quinoline group, a 

■ 

phenylpyridine group or benzothienylpyridine group may be used.' 
Specific examples of such a polymer include polymers containing 
ligands in the main chain and/or derivatives thereof, such as 
poly (pyridinediyl) , poly (bipyridinediyl) , poly (quinolinediyl) , 
2 0 poly (phenylpyr idinediyl ) and poly (benzothienylpyr idinediyl ) , 
polymers having ligands in the side chain thereof and/or 
derivatives thereof, such as poly (vinylpyridine) , 
poly ( (meth) acrylpyridine) , poly (vinylquinoline) , poly(vinyl- 
phenylpyridine) and poly (vinylbenzothienylpyridine) , and/or 
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polymers having combined the above-mentioned structures, and the 
like. 

The polymer that can be used in the present invention may 
be a copolymer of a monomer unit having a light emitting part that 
5 constitutes a part thereof or is bound thereto and a monomer unit 
having no light emitting part. Examples of the monomer unit 
having no light emitting part include alkyl (meth) acrylates such 
as methyl acrylate and methyl methacrylate, styrene and 
derivatives thereof. However, the present invention is not 
10 limited thereto. 

The use of the copolymer containing a monomer unit having 
no light emitting part as described above as a light emitting layer 
of an organic light emitting device improves the processability 
of it and provides flexibility to the film after film formation. , 
15 This is extremely advantageous in fabricating a flexible light ! 
emitting device using a polymer film substrate. 

The polymer used in the present invention has a degree of 
polymerization of preferably from 5 to 10, 000 and more preferably 
from 10 to 5,000. 

20 Since the molecular weight of the polymer depends on the 

molecular weight and degree of polymerization of the constituent 
monomer or monomers, it is generally difficult to determine a 
suitable range of molecular weight of the polymer used in the 
present invention. However, usually, the molecular weight of the 
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polymer used in the present invention has a weight average 
molecular weight of preferably from 1,000 to 2,000,000 and more 
preferably from 5,000 to 1,000,000, independently of the 
above-mentioned degree of polymerization. 
5 Here, the method of measuring molecular weight includes the 

methods described in "Koubunshi-Kagaku no Kiso (Basis of Polymer 
Chemistry)" (Tokyo Kagaku Dojin, 1978), that is, a GPC method (gel 
permeation chromatography), a method using osmotic pressure, a 
light scattering method, an ultracentrifugation method and so 
10 forth. 

In the organic light emitting device of the present 
invention, light emission occurs by the following mechanism. 
That is, electric excitation generates 25% of the lowest excited 
singlet state and 75% of the lowest excited triplet state. In 

15 the case of using a transition metal complex or a rare earth metal 
complex as a light emitting substance, the inter system crossing 
from the lowest excited singlet state to the lowest excited 
triplet state tends to occur due to the heavy atom effect, so that 
the ratio of the lowest excited triplet state increases to more 

20 than 75% . In the case of the transition metal complex, which emits 
phosphorescence from the lowest excited triplet state, there 
exists nonradiative transition together with radiative 
transition that emits phosphorescence. On the other hand, in the 
case of the rare earth metal complex, the excitation energy of 

- 93 - 



WO 03/001616 PCT/JP02/06139 

the lowest excited triplet state of the ligand is transferred to 
the central metal ion and light emission occurs from the 
excitation level of the central metal ion. On this occasion/ too, 
there exists nonradiative transition together with radiative 
5 transition that causes light emission. These nonradiative 
transitions cannot be prevented from occurring unless low 
temperature as low as the temperature of liquid nitrogen is used. 
Usually, light emission of the above-mentioned compounds at room 
temperature is extremely weak. 

10 However, in the organic light emitting device of the present 

invention, immobilization of the light emitting substance to the 
polymer on the level of molecules inhibits the vibration of 
molecules so that loss of excited energy in the form of vibration 
of molecules is prevented. Generally, the excited triplet states 

15 are deactivated with oxygen. However, in the organic light 
emitting device of the present invention, confinement of the light 
emitting substance in the polymer makes it possible to prevent 
the invasion of oxygen. 

The polymer light emitting material of the present 

20 invention can be prepared by polymerizing a polymerizable 
composition containing at least one light emitting compound. The 
polymerizable composition as used herein means a composition that 
contains a polymerizable compound having at least one 
polymerizable functional group such as a (meth) acrylic group, 
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a vinyl group, a styryl group, an isocyanate group, or a 
thiocyanate group. 

When the number of polymerizable functional groups in the 
polymerizable compound is 1, the polymer after the polymerization 
5 has no crosslinked structure. When the number of polymerizable 
functional groups in the polymerizable compound is 2 or more, 
the polymer after the polymerization has a crosslinked structure. 
Since the crosslinked polymer is excellent in thermal stability, 
it is preferable that at least one of the polymerizable compounds 

10 to be used is a crosslinkable compound having two or more 
polymerizable functional groups. 

In the present invention, the polymerizable compound in the 
polymerizable composition used for the polymer light emitting 
material may be a light emitting compbund having a polymerizablej 

15 functional group, an electron transporting compound having a; 
polymerizable functional group, a hole transporting compound' 
having a polymerizable functional group, or mixtures of these with 
other polymerizable compounds. It is preferred that the light 
emitting compound used in the present invention is a light 

20 emitting compound having the above-mentioned polymerizable 
functional group. In the case where the polymerizable 
composition used for the polymer light emitting material of the 
present invention contains a polymerizable compound other than 
the light emitting compound having a polymerizable functional 
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group, the polymer light emitting material of the present 
invention serves as a copolymer of the light emitting compound 
and other polymerizable compound. 

The light emitting part includes conjugated structures such 
5 as a stilbene structure, transition metal complexes and the like. 
From the viewpoints of stability, freedom in design and the like, 
metal complex structures are preferred. 

The light emitting layer of the organic light emitting 
device of the present invention, which is a layer containing a 
10 light emitting substance bound to a polymer as a light emitting 
material, may contain other light emitting material, a hole 
transporting material, an electron transporting material and so 
forth. 

Specifically, in order to further increase the carrier 
15 transportability of the phosphorescent emissive polymer compound 
of the present invention, the organic light emitting device of 
the present invention may use a composition containing the polymer 
compound of the present invention and a carrier transporting 
compound as a light emitting material. 
20 That is, a hole transporting compound and an electron 

transporting compound may be mixed with the phosphorescent 
emissive polymer compound of the present invention. When the 
phosphorescent emissive polymer compound of the present invention 
is hole transporting, it is preferred to mix an electron 

* • 
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transporting compound therewith. On the contrary, when the 
phosphorescent emissive polymer compound of the present invention 
is an electron transporting, it is preferred to mix a hole 
transporting compound therewith. On this occasion/ the hole 
5 transporting and the electron transporting compound may each be 
a low molecular weight compound or a polymer. 

As the low molecular weight hole transporting compound to 
be blended in the phosphorescent polymer compound of the present 
invention, known hole transporting materials including 

10 triphenylamine derivatives such as TPD (N/.N 1 -diphenyl-N,N f - 
(3-methylphenyl) -1, 1 1 -biphehyl-4, 4 '-diamine) , a-NPD (4, 4 1 - 
bis [N- ( 1-naphthyl ) -N-phenyl amino] biphenyl) , and m-MTDATA 
( 4 , 4 1 , 4 1 1 -tris ( 3-me thylphenylphenyl amino ) triphenylamine ) and 
carbazole derivatives such as CBP (4, 4'-N, N'-dicarbazole- 

15 biphenyl) may be used. However, the present invention is not 
limited thereto. 

The polymer hole transporting compound to be blended in the 
phosphorescent emissive polymer compound of the present invention 
include in addition to poly (N-vinylcarbazole) , polymer compounds 

20 obtained by polymerizing monomers composed of the above-mentioned 
low molecular weight hole transporting compound/ such as TPD, 
a-NPD, m-MTDATA, or CPD, to which a polymer izable functional group 
such as a vinyl group, a styryl group, an acrylate group, or a 
methacrylate group has been introduced, polymer compounds having 
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a triphenylamine skeleton as disclosed in Japanese Patent 
Application Laid-open No. 8-157575 and so forth. However, the 
present invention is by no means limited thereto. 

On the other hand, as the low molecular weight electron 
5 transporting compound to be blended in the phosphorescent polymer 
compound of the present invention, quinolinol derivative metal 
complexes such as Alq 3 (trisaluminum quinolinol) , oxadiazole 
derivatives such as PBD (2-biphenyl-4-yl-5- (4-tert- 
butylphenyl) -1, 3, 4-oxadiazole) and OXD-7 (1, 3-bis [5- (p-tert- 

10 butylphenyl)-!, 3, 4-oxadiazol-2-yl]benzene, triazole 
derivatives such as TAZ (3-biphenyl-4-yl-5- (4-tert- 
butylphenyl) -4-phenyl-4H-l, 2, 4-triazole) , imidazole 
derivatives, triazine derivatives and so forth may be used. 
However, the present invention is by no means limited thereto., 

15 The polymer electron transporting compound to be blended 

* 

I' 

in the phosphorescent polymer compound of the present invention 
include in addition to the poly PBD (compound obtained by 
polymerizing a monomer composed of the PBD described above having 
introduced therein a vinyl group) as disclosed in Japanese Patent 
20 Application Laid-open No. 10-1665, compounds obtained by 
polymerizing monomers composed of the low molecular weight 
electron transporting compound such as the above-mentioned Alcfa, 
OXD-7, or TAZ to which a polymerizable functional group, such as 
a vinyl group, a styryl group, an acrylate group or a methacrylate 
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group, has been introduced. However, the present invention is 
by no means limited thereto. 

The blending ratio of the low molecular weight hole 
transporting compound and/or electron transporting compound to 
5 be blended with the phosphorescent emissive polymer compound of 
the present invention is preferably from 0 to 100 mass%, more 
preferably from 10 to 70 mass%, and particularly preferably from 
20 to 50 mass% based on the phosphorescent emissive polymer 
compound of the present invention. Further, the blending ratio 

10 of the high molecular weight hole transporting compound and/or 
electron transporting compound to be blended with the 
phosphorescent (fluorescent?) emissive compound of the present 
invention is preferably from 0 to 200 mass%, more preferably from 
20 to 150 mass%, and particularly preferably from 40 to 100 mass% 

15 based on the phosphorescent emissive compound of the present 
invention. 

For improving the physical properties and the like of the 
film obtained by film formation, a composition obtained by 
blending the phosphorescent emissive polymer compound or 
20 composition of the present invention with a polymer compound that 
does not participate in the light emission characteristics may 
also be used as a light emitting material . For example, to impart 
flexibility to the obtained film, PMMA (poly(methyl 
methacrylate) ) , polycarbonate, polystyrene and the like may be 

- 99 - 



WO 03/001616 PCT/JP02/06139 

blended. However, the present invention is by no means limited 
thereto. 

The blending ratio of the polymer compound that does not 
participate in the light emission characteristics to be blended 
with the phosphorescent emissive polymer compound of the present 
invention is preferably from 0 to 40 mass%, more preferably from 
0 to 20 mass% and particularly preferably from 0 to 10 mass%. 

Specific examples of the polymerizable light emitting 
compound used in the present invention include metal complexes 
having introduced therein polymerizable functional groups as 
represented by the following formulae (C-l) , (D-l) , (E-l) , (F-l) 
and (G-l), respectively. 




(C-l) 



In the formula (C-l) / at least one of A c , B c , and C 0 represents 
a substituent having a polymerizable functional group, and the 
remainder of A c , B c , and C c independently represent a hydrogen atom, 
a halogen atom, a nitro group, an amino group, a sulfonic acid 
group, a sulfonic acid ester group, or an organic group having 

■ 

- 
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1 to 20 carbon atoms which may have one or more heteroatoms. R 1 
to R 21 independently represent a hydrogen atom, a halogen atom, 
a nitro group, an amino group, a sulfonic acid group, a sulfonic 
acid ester group, or an organic group having 1 to 20 carbon atoms 
5 which may have one or more heteroatoms. 




(D-l) 



In the formula (D-l), at least one of X 1D , Y 1D , and Z 1D 
represents a substituent having a polymerizable functional group^ 
and the remainder of X 10 , Y 1D , and Z iD independently represent a 

■ 

10 hydrogen atom, or an organic group having 1 to 20 carbon atoms 
which may have one or more heteroatoms. R 1 to R 16 independently 
represent a hydrogen atom, a halogen atom, a nitro group, an amino 
group, a sulfonic acid group, a sulfonic acid ester group, or an 
organic group having 1 to 20 carbon atoms which may have one or 

15 more heteroatoms. 
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(E-l) 



In the formula (E-l), X B represents a substituent having 
a polymerizable functional group. R 1E , R 2B and R 3E independently 
represent a hydrogen atom, a halogen atom, or an organic group 
5 having 1 to 20 carbon atoms which may have one or more heteroatoms . 
R 4 to R 19 independently represent a hydrogen atom, a halogen atom, 
a nitro group, an amino group, a sulfonic acid group, a sulfonic 
acid ester group, or an organic group having 1 to 20 carbon atoms 
which may have one or more heteroatoms. 

' i 



10 




(F-l) 



In the formula (F-l), at least one of x", Y 1F , and Z lr 
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represents a substituent having a polymerizable functional group/ 
and the remainder of X 1P , Y lP , and Z 1P independently represent a 
hydrogen atom, a halogen atom, or an organic group having 1 to 

* » 

20 carbon atoms which may have one or more heteroatoms. R 1 to 
5 R i6 independently represent a hydrogen atom, a halogen atom, a 
nitro group, an amino group, a sulfonic acid group, a sulfonic 
acid ester group, or an organic group having 1 to 20 carbon atoms 
which may have one or more heteroatoms . 




(G-l) 



R 5 R 6 



10 In the formula (D-l) , L represents a monovalent anionic 

bidentate ligand, X 6 represents a substituent having a 
polymerizable functional group, and R 1 to R 7 independently 
represent a hydrogen atom, a halogen atom, a nitro group, an amino 
group, a sulfonic acid group, a sulfonic acid ester group, or an 

15 organic group having 1 to 20 carbon atoms which may have one or 
more heteroatoms. 

Hereinafter, the polymerizable compounds of the formulae 
(C-l) to (G-l) will be described in detail. 



20 Polvmfiri 7ah1p rn™pnnnri (fS-1 ) 
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The substituent having a polymerizable functional group 
represented by A c , B c and C c in the formula (C-l) includes 
substituents having a vinyl group, an acrylate group, a 
methacrylate group, a urethane (meth) acrylate group such as a 
5 methacryloyloxyethylcarbamate group, a styryl group and its 
derivatives, a vinyl amide group and its derivative, respectively. 
Among these polymerizable functional groups, an acrylate group, 
a methacrylate group and a urethane (meth) acrylate group are 
preferred from the viewpoint of polymerizability. The position 
10 to which these substituents are bonded may be any one of the 2-, 
3-, 4- and 5-positions of the phenyl group of the phenylpyridine 
ligand. 

In the formulae (C-l) to (C-5) and (C-8) to (C-ll), the 
expression "organic group having 1 to 20 carbon atoms which may 

15 have one or more heteroatoms" is not particularly limited as far 

j. 

as it is not detrimental to the purpose of the present invention. 
Preferred examples of such organic group include an alkyl group, 
an alkoxy group, an alkoxyalkyl group, an aryl group, an aryloxy 
group, an ar alkyl group or an aralkoxy group having 1 to 20 carbon 
20 atoms and halogen-substituted derivatives thereof. 

The substituents having no polymerizable functional group 
represented by A c , B c and C c , and R 1 to R 21 in the formula (C-l) 
include a hydrogen atom, a halogen atom, a nitro group, an amino 
group, a sulfonic acid group, a sulfonic acid ester group such 
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as methyl sulfonate, alkyl groups such as methyl, ethyl, propyl, 
isopropyl, butyl, isobutyl, tert-butyl, amyl, andhexyl, alkoxy 
groups such as methoxy, ethoxy, propoxy, isobutoxy, and 
tert-butoxy, an acetoxy group, an ester group such as 
5 propoxycarbonyl, and the like organic groups. These organic 
groups may contain substituents such as a halogen atom, a nitro 
group, and an amino group. 

Next, examples of the synthesis methods for the 
polymerizable compounds of formula (C-l) will be presented below. 

10 However, the present invention is by no means limited thereto. 

A first synthesis method is a method of producing a 
polymerizable compound containing a mononuclear iridium complex 
part by reacting a binuclear iridium complex represented by the 
formula (C-8) with a phenylpyridine derivative represented by the 

15 formula (C-9) to obtain a mononuclear iridium complex having a 
reactive substituent as an intermediate, and then reacting the 

reactive substituent of the intermediate with a compound having 

■ 

a polymerizable functional group. 
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(C-8) 



wherein X c and Y° independently represent a reactive substituent, 
or a hydrogen atom, a halogen atom, a nitro group, an amino group, 
a sulfonic acid group, a sulfonic acid ester group, or an organic 
group having 1 to 20 carbon atoms which may have one or more 
heteroatoms, and R 1 to R 28 independently represent a hydrogen atom, 
a halogen atom, a nitro group, an amino group, a sulfonic acid 
group, a sulfonic acid ester group, or an organic group having 
1 to 20 carbon atoms which may have one or more heteroatoms • 




(C-9) 



H 



wherein Z c represents a reactive substituent, or a hydrogen atom, 
a halogen atom, a nitro group, an amino group, a sulfonic acid 
group, a sulfonic acid ester group, or an organic group having 
1 to 20 carbon atoms which may have one or more heteroatoms, and 
R 1 to R 7 independently represent a hydrogen atom, a halogen atom, 
i 
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a nitro group, an amino group, a sulfonic acid group, a sulfonic 
acid ester group, or an organic group having 1 to 20 carbon atoms 
which may have one or more heteroatoms, provided that at least 
one of X c and Y° in the formula (C-8) and Z c in the formula (C-9) 
5 is a reactive substituent. 

The binuclear iridium complex of the formula (C-8) can be 
synthesized by the known method (S. Lamansky et al., Inorganic 
Chemistry, M, 1704 (2001) ) . Examples of R 1 to R 28 in the formula 
(C-8) include a hydrogen atom, a halogen atom, a nitrb group, 

10 an amino group, a sulfonic acid group, a sulfonic acid ester group 
such as methyl sulfonate, alkyl groups such as methyl, ethyl, 
propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, andhexyl, 
alkoxy groups such as methoxy, ethoxy, propoxy, isobutoxy, and 
tert-butoxy, an acetoxy group, an ester group such as 

15 propoxycarbonyl, and the like organic groups. These organic 
groups may contain substituents such as a halogen atom, a nitro 
group, and an amino group. 

At least one of X c and Y° in the formula (C-8) and Z c in the 
formula (C-9) is a reactive substance, for example, a hydroxy 

20 group. However, the present invention is by no means limited 
thereto. Further, the reactive substituent may be protected 
with a protective group. In this case, the reaction is performed 
by using the complex or compound having N a protected reactive 
substituent as it is to obtain a mononuclear iridium complex/ 

♦ 
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which then is subjected to deprotection to obtain a mononuclear 
iridium complex having a reactive substituent as an intermediate. 
Thereafter, the reactive substituent of the intermediate and a 
compound having a polymerizable functional group are reacted to 
5 obtain a polymerizable compound containing a mononuclear iridium 
complex part. From the functional groups for the reactive 
substituents are excluded the above-mentioned polymerizable 
functional groups. 

Examples of R 1 to R 7 in the compound of the formula (C- 

10 9) include a hydrogen atom, a halogen atom, a nitro group, an 
amino group, a sulfonic acid group, a sulfonic acid ester group 
such as methyl sulfonate, alkyl groups such as methyl, ethyl, 
propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, andhexyl, 
alkoxy groups such as methoxy, ethoxy, propoxy, isobutoxy, and 

15 tert-butoxy, an acetoxy group, an ester group such as 
propoxycarbonyl, and the like organic groups. These organic 
groups may contain substituents such as a halogen atom, a nitro 
group, and an amino group. 

The polymerizable functional group in the compound having 

20 a polymerizable functional group to be reacted with the 
above-mentioned intermediate includes, for example, 
substituents having a vinyl group, an acrylate group, a 
methacrylate group, a urethane (meth) acrylate group such as a 
methacryloyloxyethylcarbamate group, a styryl group and its 
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derivatives/ a vinyl amide group and its derivative/ respectively. 
Among these polymerizable functional groups, an acrylate group, 
a methacrylate group and a urethane (meth) acrylate group are 
preferred from the viewpoint of polymerizability. 
5 In the first synthesis method/ when X c and Y° in the 

binuclear iridium complex of the formula (C-8) are nonreactive 
• substituents and Z c in the phenylpyridine derivative of the 
formula (C-9) is a reactive substituent, a mononuclear iridium 
complex having a single reactive substituent is obtained as an 

10 intermediate by the reaction and further reaction of the 
intermediate with a compound having a polymerizable functional 
group can give rise to a monofunctional polymerizable compound 
containing a mononuclear iridium complex part. Further, when 
X c and Y° in the binuclear iridium complex of the formula (C- 

IS 8) are reactive substituents and Z c in the phenylpyridine 
derivative of the formula (C-9) is a nonreactive substituent, 
a mononuclear iridium complex having two reactive substituents 
is obtained as an intermediate by these reactions and further 
reaction of the intermediate with a compound having a 

20 polymerizable functional group can give rise to a bifunctional 
polymerizable compound containing a mononuclear iridium complex 

* > ■ 

part. 

A second synthesis method for the polymerizable compound 
of formula (C-l.J is a method of producing a polymerizable compound 

* • 
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containing an iridium complex part having a predetermined number 
of polymerizable functional groups by reacting the iridium 
complex of the formula (O-10) as an intermediate with a compound 
having a polymer izable functional group in a predetermined molar 
5 ratio. 




<C-10) 



wherein X c represents a reactive substituent, and R 1 to R 21 
independently represent a hydrogen atom, a halogen atom, a nitro 
group, an amino group, a sulfonic acid group, a sulfonic acid ester 

10 group, or an organic group having 1 to 20 carbon atoms which may 
have one or more heteroatoms. 

The reactive substituent X c in the iridium complex of the 
formula (C-10) includes, for example, a hydroxyl group and an 
amino group. However, the present invention is by no means 

15 limited thereto. On the other hand, the compound having a 
polymerizable functional group to be reacted with the iridium 
complex of the formula (C-10) includes, for example, a 
polymerizable acid halide and a polymerizable isocyanate. 
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However , the present invention is by no means limited thereto. 
Next, the use of the second synthetic method in producing 
polymerizable acidhalides and/ or polymerizable isocyanates will 
be described in detail. 
5 -In the case where the molar ratio of the iridium complex 

of the formula (C-10) to the polymerizable acid halide and/or 
polymerizable isocyanate is close to 1:1, for example, 1: (0,5 to 
1.5)/ a mixture composed mainly of a monof unctional polymerizable 
compound can be obtained. Purification of the product affords 

10 the monof unctional polymerizable compound. On the other hand, 
in the case where this molar ratio is close to 1:2, for example, 
1:(1.5 to 2.5), a mixture composed mainly of a bifunctional 
polymerizable compound can be obtained. Purification of the 
product affords the bifunctional polymerizable compound^ 

15 Further, in the case where the molar ratio is close to 1:3, for 
example, 1:(2.5 or more), a mixture composed mainly of a 
tri functional polymerizable compound can be obtained. 
Purification of the product affords the trif unctional 
polymerizable compound. However, when the above-mentioned molar 

20 ratio is 1: (3 or more), purification for removing mono- and 
bifunctional polymerizable compounds is not always necessary. 
In the case where mono- and bifunctional polymerizable compounds 
are synthesized, a polymerizable acid halide is reacted in a 
predetermined molar ratio and then a reaction for rendering the 

4 
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residual reactive substituent remaining in the product 
nonreactive is performed. In the case where the reactive 
substituent is a hydroxyl group, examples of the unpolymerizable 
compound used for this purpose include alkyl halides, carboxylic 
5 acids, carboxylic acid halides, sulfonic acid halides, 
chloro formates, isocyanates and the like. However , the present 
invention is by no means limited thereto. 

Examples of the polymerizable acid halide used in the second 
synthetic method include acrylic acid chloride, methacrylic acid 

10 chloride and the like. Examples of the unpolymerizable acid 
halide include propionic acid chloride, acetic acid chloride and 
the like. Examples of the polymerizable isocyanate include 
methacryloyl isocyanate, methacryloyloxyethyl isocyanate and 
the like. Unpolymerizable isocyanate includes, for example^ 

15 hexyl isocyanate, benzyl isocyanate and the like. 

Still another synthetic method for the polymerizable' 
compound of formula (C-l) includes, for example, a method of 
producing a monofunctional polymerizable compound containing an 
iridium complex part by reacting iridium (III) bis(2- 

20 phenylpyridinato) acetylacetonato complex with the 
phenylpyrldine derivative of the formula (C-9) having a reactive 
substituent and then introducing to the product a polymerizable 
substituent. 

The polymer and copolymer of the present invention has a 
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degree of polymerization of preferably from 3 to 5,000. 
Polvmerizahlft r.mnpminri m-1 \ 

In the substituent having a polymerizable functional group 
5 represented by X 1D , Y 1D and Z 1D in the formula (D-l) , a polymerizable 
functional group may be any of a radical polymerizable group, 
a cation polymerizable group, an anion polymerizable group, an 
addition polymerizable group, and a condensation polymerizable 
group. Among these, a radical polymerizable functional group 

10 is preferred. Examples of the polymerizable functional group 
include a vinyl group, an allyl group, an alkenyl group, an 
acrylate group, a methacrylate group, a urethane (meth) acrylate 
group such as methacryloyloxyethyl carbamate, a styryl group and 
derivatives thereof, a vinyl amide group and derivatives thereof. 

15 Among the polymerizable functional groups, an acrylate group, 
a methacrylate group and a urethane (meth) acrylate group are 
preferred from the viewpoint of polymerizability . 

In the formulae (D-l), (D-2), (D-14) and (D-17) to (D-23) , 
the expression "organic group having 1 to carbon atoms which may 

20 have one or more heteroatoms" is not particularly limited as far 
as it is not detrimental to the purpose of the present invention. 
Preferred examples of such organic group include an alkyl group, 
an alkoxy group, an alkoxyalkyl group, an aryl group, an aryloxy 
group, an aralkyl group or an aralkoxy group having 1 to 20 carbon 
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atoms and halogen- substituted derivatives thereof. 

In the formulae (D-l), (D-2) , (D-14) and (D-l 8) to (D-23) , 
examples of the subs tituents having no polymerizable functional 
group represented by Q 1D , Q 2D and Q 3D out of X 1D , Y 1D and Z 1D , and 
5 Q 1D to Q 3D include a hydrogen atom, alkyl groups such as methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, and 
hexyl, alkoxy groups such as methoxy, ethoxy, propoxy, isobutoxy, 
and tert-butoxy, an acetoxy group, an ester group such as 
propoxycarbonyl, an aryl group, and the like organic groups. 

10 In the formulae (D-l) , (D-17) and (D-20) , examples of R 1 

to R 16 and R 17 to R 32 in each formula include a hydrogen atom, a 
halogen atom, a nitro group, an amino group, a sulfonic acid group, 
a sulfonic acid ester group such as methyl sulfonate, alkyl groups 
such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 

15 tert-butyl, amyl, and hexyl, alkoxy groups such as methoxy,; 
ethoxy, propoxy, isobutoxy, and tert-butoxy, an acetoxy group, ' 
an ester group such as propoxycarbonyl, an aryl group, and the 
like organic groups. These organic groups may contain 
subs tituents such as a halogen atom, a nitro group, and an amino 

20 group. 

Next, examples of the synthetic method for the 
polymerizable compound of formula (D-l) will be described. 
However, the present invention is by no means limited thereto. 

A first synthetic method is a method of producing a 
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polymer izable compound containing a mononuclear iridium complex 
part by reacting a binuclear iridium complex represented by the 
formula (D-17) with a compound having a polymerizable functional 
group represented by the formula (D-18) below. 



R 
R 



6 R fN 7 ^ 



R 3 R 2 R 31 R 30 





0 13 

R R 15 



(D-17) 



R 18 R 19 



wherein R 1 to R 32 independently represent a hydrogen atom, a halogen, 

i 

1 

atom, a nitro group, an amino group, a sulfonic acid group, a| 
sulfonic acid ester group, or an organic group having 1 to 20 carbon 
atoms which may have one or more heteroatoms. 



10 



.id 



ID I 

TY 



ID 



(D-18) 



wherein at least one of X 10 , Y 1D , and Z 1U represents a substituent 



ID 



having a polymerizable functional group, and the remainder of X 1D , 



Y 10 , and Z 1D independently represent a hydrogen atom, or an organic 



ID 
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group having 1 to 20 carbon atoms which may have one or more 
heteroatoms. 

. The binuclear iridium complex of the formula (D-17) can be 
synthesized by the known method (S. Lamansky et al., Inorganic 
5 Chemistry, AQ, 1704 (2001) ) . Examples of R l to R 32 in the formula 
(D-17) include a hydrogen atom, a halogen atom, a nitro group, 
an amino group, a sulfonic acid group, a sulfonic acid ester group 
such as methyl sulfonate, alkyl groups such as methyl, ethyl, 
propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, andhexyl, 

10 alkoxy groups such as methoxy, ethoxy, propoxy, isobutoxy, and 
tert-butoxy, an acetoxy group, an ester group such as 
propoxy carbonyl, and the like organic groups. These organic 
groups may contain substituents such as a halogen atom, a nitro 
group, and an amino group. 

15 At least one of the substituents X 1D , Y 1D and Z 1D of the 

compound of the formula (D-18) is a substituent having 
polymer izable functional group and means the same group as 
explained on the formula (D-l) . The substituent having no 
polymerizable functional groups out of the substituents 

20 represented by the substituents X 1D , Y 1D and Z 1D of the compound 
of the formula (D-18) are the same as the formula (D-l) . 

A second synthesis method for the polymerizable compound 
of formula (D-l) is a method of producing a polymerizable compound 
containing a mononuclear iridium complex part by reacting a 

» 
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binuclear iridium complex represented by the formula (D-17) with 
a compound having a reactive substituent represented, by the 
formula (D-19) below to obtain a mononuclear iridium complex 
having a reactive substituent as an intermediate/ and then 
reacting the reactive substituent of the obtained mononuclear 
iridium complex with a compound having a polymerizable functional 
group ... 



,5 



p3 R 2 R 31 R 30 




R R 14 R 15 



R 17 ' \ R' 
R R 18 R 19 



(D-17) 



wherein R 1 to R 32 independently represent a hydrogen atom, a halogen 
atom, a nitro group, an amino group, a sulfonic acid group, a 
sulfonic acid ester group, or an organic group having 1 to 20 carbon 
atoms which may have one or more heteroatoms . 



.2D 



2D I 

YY 



2D 



(D-19) 
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wherein at least one of X 2D , Y 2D , and Z 2D represents a reactive 
substituent, and the remainder of X ZD , Y 2D , and Z 2D independently 
represent a hydrogen atom, or an organic group having 1 to 20 carbon 
atoms which may have one or more heteroatoms. 
5 At least one of the substituents X 2D , Y 2D and Z 2D of the 

compound of the formula (D-19) is a reactive substituent having 
a functional group, for example, a hydroxyl group. Examples of 

■ 

the functional group may include a hydroxyl group, an amino group 
and a carboxyl group. However, the present invention is by no 
10 means limited thereto. The reactive substituent having a 
functional group includes a hydroxyl group, a hydroxyalkyl group, 
a hydroxyphenyl group and the like. 

Further, the reactive substituent may be protected with 
a protective group. In this case, the reaction is performed b^ 

15 using the complex or compound having a protected reactive 

j. . 

substituent, as it is to obtain a mononuclear iridium complex, 
which then is subjected to deprotection to obtain a mononuclear 
iridium complex having a reactive substituent as an intermediate . 
Thereafter, the reactive substituent of the intermediate and a 

* 

20 compound having a polymerizable functional group are reacted to 
obtain a polymerizable compound containing a mononuclear iridium 
complex part. From the functional groups for the reactive 
substituents are excluded the above-mentioned polymerizable 
functional groups. 
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Examples of the substituents having no polymerizable 
functional group represented by X 2D , Y 2D and Z 2D in the formula 
(D-19) include a hydrogen atom, a halogen atom, alkyl groups such 
as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, 
5 amyl, and hexyl, alkoxy groups such as methoxy, ethoxy, propoxy, 

. ■ 

isobutoxy, and tert-butoxy, an acetoxy group, an ester group such 
as propoxycarbonyl, an aryl group, and the like organic groups. 
These organic groups may have a substituent such as a halogen 
atom. 

10 The compound having a polymerizable functional group to 

be reacted with the mononuclear iridium complex having a reactive 
substituent obtained by the reaction between the binuclear 
iridium complex and the compound of the formula (D-19) having 
a reactive substituent must have in addition to the polymerizable 

15 group a functional group having a group reactive with the reactive 
substituents X 2D , Y 2D and Y 3D in the formula (D-19) . In the case 
of the second synthesis method for the polymerizable compounds 
according to the present invention, R 1 to R 32 in the formula (D-17) 
must be selected so as to be groups that do not react with the 

20 compound having a polymerizable functional group to be reacted 
with the above-mentioned mononuclear iridium complex. 

Examples of the compound having a polymerizable functional 
group to be reacted with the above-mentioned mononuclear iridium 
complex include polymerizable acid chlorides and polymerizable 
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isocyanates. However, the present invention is by no means 
limited thereto. The polymerizable functional group may be any 
of a radical polymerizable group, a cation polymerizable group, 
an anion polymerizable group, an addition polymerizable group, 
5 and a condensation polymerizable group. Among these, a radical 
polymerizable functional group is preferred. Examples of the 
polymerizable functional group include a vinyl group, an allyl 
group, analkenyl group, an acrylate group, a methacrylate group, 
a urethane (meth) acrylate group such as methacryloyloxyethyl 

10 carbamate, a styryl group and derivatives thereof, a vinyl amide 
group and derivatives thereof. Among the polymerizable 
functional groups, an acrylate group, a methacrylate group and 
a urethane (meth) acrylate group are preferred from the viewpoint 
of polymerizability. Specifically, examples of the 

15 polymerizable acid chloride include acrylic acid chloride, 
methacrylic acid chloride and the like. Examples of the 
polymerizable isocyanate include methacryloyl isocyanate and 
methacryloyloxyethyl isocyanate and the like. 

The chemical formulae such as the formula (D-l) 

20 representing the compounds of the present invention represent 
metal complex structures, in which O-C-C-C-0 indicates resonant 
structures. Of course they include chemically acceptable 
structures. 

■ ■ 
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Polymerizahle nompoimri (fl-l) 

The substituent having a polymer izable functional group 
represented by X s in the formula (E-l) is preferably a substituent 
having a carbon-carbon double bond as a polymerizable functional 
5 group, examples of which include substituents having a vinyl 
group, an acryloyloxy group, a methacryloyloxy group, a urethane 
(meth) acryloyloxy group, such as a methacryloyloxyethyl- 
carbamate group, a styryl group and its derivatives, and a vinyl 
amide group and its derivative, respectively. Among these 

10 polymerizable functional groups, an acryloyloxy group, a 
methacryloyloxy group, a urethane (meth) acryloyloxy group, and 
a styryl group are preferred from the viewpoint of 
polymerizability. The position to which these substituents are 
bonded may be any one of the 3-, 4-, 5- and 6-positions of the 

15 picolinic acid ligand. ! 

« 

In the formulae (E-l), and (E-9) to(E-12), the expression' 
"organic group having 1 to 20 carbon atoms which may have one or 
more heteroatoms" is not particularly limited as far as it is not 
detrimental to the purpose of the present invention. Preferred 
20 examples of such organic group include an alkyl group, an alkoxy 
group, an alkoxyalkyl group, an aryl group, an aryloxy group, an 
ar alkyl group or an ar alkoxy group having 1 to 20 carbon atoms 
and halogen-substituted derivatives thereof. 

Examples of R 1E , R 2E and R 3B in the formulae (E-l) include 
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a hydrogen atom, a halogen atom, alkyl groups such as methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, and 
hexyl, alkoxy groups such as methoxy, ethoxy, propoxy, isobutoxy, 
and tert-butoxy, an ar alkyl group, an acetoxy group, an ester 
5 group such as propoxycarbonyl, and the like organic groups. 
These substituents may further have a substituent such as a 
halogen atom. 

Examples of R 4 to R 19 in the formula (E-l) include a hydrogen 
atom, a halogen atom, a nitro group, an amino group, a sulfonic 

10 acid group, a sulfonic acid ester group such as methyl sulfonate, 
alkyl groups such as methyl, ethyl, propyl, isopropyl, butyl, 
isobutyl, tert-butyl, amyl, and hexyl, alkoxy groups such as 
methoxy, ethoxy, propoxy, isobutoxy, and tert-butoxy, an aralkyl 
group, an acetoxy group, an ester group such as propoxycarbonyl, 

15 and the like organic groups. These organic groups may further \ 

i 

have substituents such as a halogen atom, a nitro group, and an 
amino group. Among these, a hydrogen atom, a halogen atom and 
alkyl groups having 1 to 20 carbon atoms are preferred. 

Next, examples of the synthesis methods for the 
20 polymerizable compound of the formula (E-l) will be presented 
below. However, ■ the present invention is by no means limited 
thereto. 

A first synthesis method for the polymerizable compound 
of the formula (E-l) is a method of producing a polymerizable 

- 122 - 



WO 03/001616 PCT/JP02/06139 
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compound containing a mononuclear iridium complex part by 
reacting a binuclear iridium complex represented by the formula 
(E-9) with a picolinic acid derivative represented by the formula 
(E-10) to obtain a mononuclear iridium complex having a reactive 
5 substituent as an intermediate, and then reacting the reactive 
substituent of the intermediate with a compound having a 
polymerizabie functional group. 




(E-9) 



wherein R 4 to R 19 independently represent a hydrogen atom, a halogen 
10 atom, a nitro group, an amino group, a sulfonic acid group, a 
sulfonic acid ester group, or an organic group having 1 to 20 carbon 
atoms which may have one or more heteroatoms. 




(E-10) 



wherein Y E represents a reactive substituent. R 1E , R 2B and R 3E 
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independently represent a hydrogen atom, a halogen atom, or an 
organic group having 1 to 20 carbon atoms which may have one or 
more heteroatoms. 

The binuclear iridium complex of the formula (E-9) can be 
5 synthesized by the known method -(S. Lamansky et al., Inorganic 
Chemistry, AH, 1704 (2001) ) . Examples of R 4 to R 19 in the formula 
(E-9) include a hydrogen atom, a halogen atom, a nitro group, 
an amino group, a sulfonic acid group, a sulfonic acid ester group 
such as methyl sulfonate, alkyl groups such as methyl, ethyl, 
10 propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, and hexyl, 
alkoxy groups such as methoxy, ethoxy, propoxy, isobutoxy, and 
tert-butoxy, an aralkyl group, an acetoxy group, an ester group 
such as propoxycarbonyl, and the like organic groups. These 
organic groups may contain substituents such as a halogen atom^ 

15 a nitro group, and an amino group. Among these, a hydrogen atom/ 

■ ' i 
a halogen atom and alkyl groups having 1 to 20 carbon atoms are 

preferred. 

The Y B in the formula (E-10) is a reactive substituent, 
examples of which include groups having an active hydrogen such 
20 as a hydroxymethyl group, a hydroxyl group, a mercapto group and 
an amino group, respectively, and a carboxyl group. However, 
the present invention is by no means limited thereto. Further, 
the reactive substituent may be protected with a protective group . 
In this case, the reaction is performed as it is, i.e., in a state 
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where the reactive substituent is protected with a protecting 
group to obtain a mononuclear iridium complex, which then is 
subjected to deprotection to obtain a mononuclear iridium complex 
having a reactive substituent as an intermediate. Thereafter, 
5 the reactive substituent of the intermediate and a compound 
having a polymerizable functional group are reacted to obtain 
a polymerizable compound containing a mononuclear iridium 
complex part. From the functional groups for the reactive 
substituents are to be excluded the above-mentioned 

10 polymerizable functional groups. 

Examples of R 1E , R 2B and R 3E in the formula (E-10) include 
a hydrogen atom, a halogen atom, alkyl groups such as methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, and 
hexyl, alkoxy groups such as methoxy, ethoxy, propoxy, isobutoxy, ( 

15 and tert-butoxy, an aralkyl group, an acetoxy group, an ester 
group such as propoxycarbonyl, and the like organic groups.' 
These organic groups may further contain substituents such as 
a halogen atom. Among these, a hydrogen atom, a halogen atom 
and alkyl groups having 1 to 20 carbon atoms are preferred. 

20 The compound having a polymerizable functional group to 

be reacted with the mononuclear iridium complex having a reactive 
substituent (intermediate) obtained by the reaction between the 
binuclear iridium complex of the formula (E-9) and the compound 
of the formula (E-10) having a reactive substituent must have 
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in addition to the polymerizable group a functional group having 
a group reactive with the reactive substituent Y B in the. formula 
(E-10) . Examples of such a functional group include an 
isocyanato group and a carboxyl group when the reactive 
5 substituent Y E is a hydroxymethyl group or a hydroxyl group, or 
an isocyanato group and an acid chloride (R-COC1) group when the 
reactive substituent Y B is a mercapto group or an amino group. 
On the other hand/ R 4 to R 19 in the formula (E-9) must be selected 
from groups that do not react with the compound having a 

10 polymerizable functional group to be reacted with the above- 
mentioned mononuclear iridium complex. 

The polymerizable functional group in the compound having 
a polymerizable functional group to be reacted with the 
above-mentioned intermediate is preferably a group having a 

15 carbon-carbon double bond as a polymerizable functional group, 
examples of which include a vinyl group, an acryloyloxy group, 
a methacryloyloxy group, a urethane (meth) acryloyloxy group, 
such as a methacryloyloxyethylcarbamate group, a styryl group 
and its derivatives, a vinyl amide group and its derivative, 

20 respectively. Among these polymerizable functional groups, an 
acryloyloxy group, a methacryloyloxy group, a urethane 
(meth) acryloyloxy group, and a styryl group are preferred from 
the viewpoint of polymerizability. 

. The second synthesis method for the polymerizable compound 
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of the formula (E-l) is a method of directly producing a 
pplymerizable compound containing a mononuclear iridium complex 
part by reacting a binuclear iridium complex of the formula (E-9) 
with a picolinic acid derivative of the formula (E-ll) : 




(E-ll) 



wherein X E represents a substituent having a polymerizable 
functional group, and R XB , R 2E and R 3E independently represent a 
hydrogen atom, a halogen atom, a nitro group, an amino group, a 
sulfonic acid group, a sulfonic acid ester group, or an organic 
group having 1 to 20 carbon atoms which may have one or more 
heteroatoms. ' 

The X B in the formula (E-ll) , which is a substituent having 
a polymerizable functional group, is preferably a substituent} 
having a carbon-carbon double bond as a polymerizable functional 
group. Examples thereof include a methacryloyloxy group, a 
methacryloyloxyethylcarbamoyloxy group, a methacryloyloxy- 
ethylcarbamoyloxymethyl group, a vinylbenzyloxy group, a 
methacryloyloxyethyloxycarbonyl group and the like. However, 
the present invention is by no means limited thereto. 

Examples of R", R 2E and R 3B in the formula (E-ll) include 
a hydrogen atom, a halogen atom, alkyl groups such as methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, and 
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hexyl, alkoxy groups such as methoxy, ethoxy, propoxy, isobutoxy, 
and tert-butoxy, an aralkyl group, an acetoxy group, an ester 
group such as propoxycarbonyl, and the like organic groups. 
These organic groups may further contain substituents such as 
5 a halogen atom. 

Pol vmerl zahlft rompmind 

In the substituent having a polymerizable functional group 
represented by X 1F , Y lp and Z 1F in the formula (F-l) , a polymerizable 

10 functional group may be any of a radical polymerizable group, 
a cation polymerizable group, an anion polymerizable group, an 
addition polymerizable group, and a condensation polymerizable 
group. Among these, a radical polymerizable functional group 
is preferred. Examples of the polymerizable functional group^ 

15 include those groups having a vinyl group, an allyl group, an 
alkenyl group, an alkenoyloxy group such as an acryloyloxy group' 
and a methacryloyloxy group, a urethane (meth) acryloyloxy group 
such as a methacryloyloxyethylcarbamate group, a styryl group 
and its derivatives, a vinyl amide group and its derivatives, 

20 respectively. Among these polymerizable functional groups, an 
acryloyloxy group, a methacryloyloxy group, a urethane 
(meth) acryloyloxy group, and a styryl group are preferred from 
the viewpoint of polymerizability. 

In the formulae (F-l), (F-2), (F-12), and (F-15) to (F- 
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21) , the "organic group having 1 to 20 carbon atoms which may have 
one or more heteroatoms" is not particularly limited as far as 
it is not detrimental to the purpose of the present invention and 
may have a heteroatom such as an oxygen atom, a nitrogen atom, 
5 a sulfur atom or a halogen atom. Preferred examples of such an 
organic group include an alkyl group, an alkoxy group, an 
alkoxyalkyl group, an aryl group, an aryl oxy group, an aralkyl 
group or an aralkoxy group having 1 to 20 carbon atoms and 
halogen-substituted derivatives thereof. 

10 Examples of the substituents having no polymerizable 

functional group represented by Q 1F , Q 2F and Q 3P out of X 1F , Y 1P and 
Z lp in the formulae (F-l), (F-2) , (F-12), and (F-15) to (F-21), 
include a hydrogen atom, a halogen atom, alkyl groups such as 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, 

15 amyl, andhexyl, an aralkyl group, alkoxy groups such as methoxy, 
ethoxy, propoxy, isobutoxy, and tert-butoxy, an acetoxy group, 
an ester group such as propoxycarbonyl, an aryl group, and the 
like organic groups. Among these, a hydrogen atom, a halogen 
atom, and alkyl groups having 1 to 20 carbon atoms are preferred. 

20 The R 1 to R 16 in the formulae (F-l), (F-15) and (F-18) include 

a hydrogen atom, a halogen atom, a nitro group, an amino group, 
a sulfonic acid group, a sulfonic acid ester group such as methyl 
sulfonate, alkyl groups such as methyl, ethyl, propyl, isopropyl, 
butyl, isobutyl, tert-butyl, amyl, and hexyl, an aralkyl group, 
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alkoxy groups such as methoxy, ethoxy, propoxy, isobutoxy, and 
tert-btttoxy, an acetoxy group, an ester group such as 
propoxycarbonyl, an aryl group, and the like organic groups, 
provided that they fall in the range as defined above. These 
5 organic groups may further have substituents such as a halogen 
atom, a nitro group, and an amino group. Among these, a hydrogen 
atom, a halogen atom, and alkyl groups having 1 to 20 carbon atoms 
are preferred. 

n A"s in the formula (F-6) and (F-9) are organic groups 
10 having 3 to 20 carbon atoms, containing an acryloyl group, a 
methacryloyl group, an acryloyloxy group or a methacryloyloxy 

■ » 

group. The organic groups may have a heteroatom such as an oxygen 

atom, a nitrogen atom, a sulfur atom, or a halogen atom as far 

as it is not detrimental to the purpose of the present invention. 
15 Preferred examples of such an organic group include an alkyl group, 

an aryl group and an aralkyl group. Further, these groups may 

contain an isocyanate bond. 

Next, examples of the synthesis methods for the 

polymerizable compound in the formula (F-l) will be presented 
20 below. However, the present invention is by no means limited 

thereto. 

A first synthesis method is a method of producing a 

■ 

polymerizable compound containing a mononuclear iridium complex 
part by reacting a binuclear iridium complex represented by the 
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formula (F-15) with a compound having a polymerizable functional 
group represented by the formula (F-16) : 




(F-15) 



wherein R 1 to R 16 independently represent a hydrogen atom, a halogen 
atom, a nitro group, an amino group, a sulfonic acid group, a 

sulfonic acid ester group, or an organic group having 1 to 20 carbon 

i 

atoms which may have one or more heteroatoms. 



.if 



O 0 



IF 



(F-16) 



wherein at least one of X XF , Y 1 *, and Z 1F represents a substituent 
having a polymerizable functional group, and the remainder of X ir , 
Y 1F , and Z 1F independently represent a hydrogen atom, a halogen 
atom or an organic group having 1 to 20 carbon atoms which may 
have one or more heteroatoms. 

The binuclear iridium complex of the formula (F-15) can be 
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synthesized by the known method (S. Lamansky et al., Inorganic 
Chemistry, AH, 1704 (2001) ) . Examples of R 1 to R 16 in the formula 
(F-15) include a hydrogen atom, a halogen atom, a nitro group, 
an amino group, a sulfonic acid group, a sulfonic acid ester group 
5 such as methyl sulfonate, alkyl groups such as methyl, ethyl, 
propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, andhexyl, 
an aralkyl group such as a benzyl group, alkoxy groups such as 
methoxy, ethoxy, propoxy, isobutoxy, and tert-butoxy, an acetoxy 
group, an ester group such as propoxycarbonyl, and the like 

10 organic groups. These organic groups may further contain 
substituents such as a halogen atom, a nitro group, and an amino 
group. Among these, a hydrogen atom, a halogen atom, and alkyl 
groups having 1 to 20 carbon atoms are preferred. 

At least one of the substituents X 1F , Y 1F and Z 1F of the 

15 compound of the formula (F-16) is a substituent having 
polymer izable functional group and has the same meaning as 
explained on the formula (F-l) . The substituent having no 
polymerizable functional group represented by the substituents 
X 1F , Y 1F and Z 1F of the compound of the formula (F-16) are the same 

20 as in the case of the formula (F-l) . 

A second synthesis method for the polymerizable compound 
of formula ( F-l) is a method of producing a polymerizable compound 
containing a mononuclear iridium complex part by reacting a 
binuclear iridium complex represented by the formula (F-15) with 
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a compound having a reactive substituent represented by the 
formula (F-17) to obtain a mononuclear iridium complex having 
a reactive substituent as an intermediate, and then reacting the 
reactive substituent of the intermediate with a compound having 
a polymerizable functional group: 




I „-"Cl | 




(F-15) 



wherein R 1 to R 16 independently represent a hydrogen atom, a halogen 



acid group, a 



atom, a nitro group, an amino group, a sulfonic 
sulfonic acid ester group, or an organic group having 1 to 20 carbon 
atoms which may have one or more heteroatoms. 



,2F 



x2 SV 

O 0 



2F 



(F-17) 



wherein at least one of X 2P , Y 2P , and Z 2P represents a reactive 



substituent, and the remainder of X , Y 2F , and Z 2F independently 
represent a hydrogen atom, a halogen atom or an organic group 
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having 1 to 20 carbon atoms which may have one or more heteroatoms . 

At least one of the substituents X 2P , Y 2P and Z 2P of the formula 
(F-17) is a reactive substituent having a functional group, for 
example, a hydroxyl group. Examples of the functional group may 
5 include an active hydrogen, such as a hydroxyl group, a mercapto 
group, and an amino group, and a carboxyl group. However, the 
present invention is by no means limited thereto. Examples of 
the reactive substituent having a functional group include a 
hydroxyl group, a hydroxyalkyl group, a hydroxyphenyl group, a 

10 mercapto group, an amino group and the like. 

Further, the reactive substituent may be protected with 
a protective group. In this case, the reaction is performed as 
it is, i.e., in a state where the reactive substituent is protected 
with a protective grbup to obtain a mononuclear iridium complex, ( 

15 which then is subjected to deprotection to obtain a mononuclear 
iridium complex having a reactive substituent as an intermediate.' 
Thereafter, the reactive substituent of the intermediate and a 
compound having a polymer! zable functional group are reacted to 
obtain a polymeri zable compound containing a mononuclear iridium 

20 complex part. From the functional groups for the reactive 
substituents are to be excluded the above-mentioned 
polymerizable functional groups. 

The substituents out of the substituents X 2P , Y 2P and Z 2P of 
the compound of the formula (F-19) other than the reactive 
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substituents include a hydrogen atom, a halogen atom, alkyl 
groups such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
tert-butyl, amyl, and hexyl, alkoxy groups such as methoxy, 
ethoxy, propoxy, isobutoxy, and tert-butoxy, an acetoxy group, 
5 an ester group such as propoxycarbonyl, an aryl group, and the 
like organic groups. These substituents may further have a 
substituent such as a halogen atom. 

The compound having a polymerizable functional group to 
be reacted with the mononuclear iridium complex having a reactive 

10 substituent obtained by the reaction between the binuclear 
iridium complex and the compound of the formula (F-17) having 
a reactive substituent must have in addition to the polymerizable 
group a functional group having a group reactive with the reactive 
substituent X 2F , Y 2F , and Z 2F in the formula (F-17) . Examples of 

15 such a functional group include an isocyanato group and a carboxyi 
group when the reactive substituents X 2F , Y 2F or Z 2F are groups that' 
contain a hydroxyl group, such as a hydroxymethyl group or a 
hydroxyl group, or an isocyanato group and an acid chloride 
(R-COC1) group when the reactive substituents X 2F , Y 2F or Z 2F are 

20 groups that contain a mercapto group or an amino group, or a 
hydroxyl group when the reactive substituents X 2F , Y 2F or Z 2P are 

* 

groups that contain a carboxyi group. 

In the case of the second synthesis method for the 
polymerizable compound of formula (F-l) , R 1 to R 16 in the formula 
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(F-15) must be selected from groups that do not react with the 
compound having a polymerizable functional group to be reacted 
with the above-mentioned mononuclear iridium complex. 

Examples of the compound having a polymerizable functional 
5 group to be reacted with the above-mentioned mononuclear iridium 
complex include polymerizable acid chlorides and polymerizable 
isocyanates. However, the present invention is by no means 
limited thereto. In these compounds, the polymerizable 
functional group may be any of a radical polymerizable group, 

10 a cation polymerizable group, an anion polymerizable group, an 
addition polymerizable group, and a condensation polymerizable 
group. Among these, a radical polymerizable functional group 
is preferred. The polymerizable functional group is preferably 
a group having a carbon-carbon double bond. Examples thereof 

15 include a vinyl group, an allyl group, an alkenyl group, an 
alkenoyloxy group such as an acryloyloxy group and a 
methacryloyloxy group, a urethane (meth) acryloyloxy group such 
as a methacryloyloxyethylcarbamate group, a styryl group and its 
derivatives, a vinyl amide group and derivatives thereof. Among 

20 these polymerizable functional groups, an acryloyloxy group, a 
methacryloyloxy group, and a urethane (meth) acryloyloxy group 
are preferred from the viewpoint of polymerizability. 
Specifically, examples of the polymerizable acid chloride 
include acrylic acid chloride, methacrylic acid chloride and the 
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like. Examples of the polymerizable isocyanate include 
methacryloyl isocyanate, methacryloyloxyethyl isocyanate and 
the like. . 

The chemical formulae such as the formula (F-l) 
representing the compounds of the present invention represent 
metal complex structures, in which O-C-C-C-0 indicates a resonant 
structure. Of course they include chemically acceptable 
structures. 

Polvmerlzable cn^pnnnri ffl-n 

The monovalent anionic bidentate ligand represented by L 
in the formula (G-l) is a monovalent anion compound obtainable 
by eliminating one hydrogen atom from a compound having in the 
molecule a nonionic coordination site such as a pyridine ring^ 
a carbonyl group, or an imine group, and a site that can become 
a monovalent anionic coordination site upon elimination of one 
hydrogen ion, such as a phenyl group, a hydroxyl group, or a 
carboxyl group, or from a compound having a conjugate structure 
having two coordination sites that can become a monovalent anionic 
group as a whole upon elimination of one hydrogen ion, such as 
a P-diketone. Among these compounds, preferred are compounds 
that can form a 5-membered or 6-membered ring structure including 
the iridium atom when the compound is coordinated to one iridium 
atom at the two coordination sites thereof. Examples of such 
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preferred compounds include monovalent anionic compounds derived 
from. 2-phenylpyridine, p-diketone, picolinic acid, N~ 
alkyl sal icy limine, 8-hydroxyquinoline, and derivatives thereof 
by eliminating one hydrogen ion. Among these bidentate ligands, 

5 monovalent anionic compounds derived from p-diketone, picolinic 
acid and N-alkylsalicylimine by elimination of one hydrogen atom 
are preferred from the viewpoint of light emission 
characteristics . 

In the substituent having a polymerizable functional group 
10 represented by X G in the formula (G-l), the polymerizable 
functional group may be any one of a radical polymerizable 
substituent, a cation polymerizable substituent, an anion 
polymerizable substituent, an addition polymerizable 
substituent, and a condensation polymerizable substituent j 

' i 

15 Among these, a radical polymerizable functional group is 

i 

preferred. The polymerizable functional group is preferably a 
group having a carbon-carbon double bond. Examples thereof 
include a vinyl group, an allyl group, an alkenyl group, 
alkenoyloxy groups such as an acryloyloxy group and a 
20 methacryloyloxy group, a urethane (me th) acryloyloxy group such 
as methacryloyloxyethyl carbamate, a styryl group and 
derivatives thereof, a vinyl amide group and derivatives thereof. 
Among the polymerizable functional groups, an acryloyloxy group, 
a methacryloyloxy group, a urethane (meth) acrylate and a styryl 
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group are preferred from the viewpoint of polymer izability. 
Specifically, examples of the substituent having a polymerizable 
functional group include . a methacryloylbxy group, a 
methacryloyloxyethylcarbamoyloxy group, and a vinylbenzyloxy 
5 group. However, the present invention is by no means limited 
thereto. The position to which these substituents are bonded 
may be any one of the 3-, 4-, 5- and 6-positions of the phenyl 
group of the phenylpyridine ligand. 

In the formulae (G-l), (G-2), (G-6), (G-7) , (G-9) and (G-10) , 

10 the "organic group having 1 to 20 carbon atoms which may have one 
or more heteroatoms" in each formula is not particularly limited 
as far as it is not detrimental to the purpose of the present 
invention. Preferred examples of such organic group include an 
alkyl group, an alkoxy group, an alkoxyalkyl group, an aryl group, 

15 an aryloxy group, an aralkyl group, an aralkoxy group having 1 
to 20 carbon atoms and halogen-substituted derivatives thereof. 

Examples of the R 1 to R 7 in the formula (G-l) include a 
hydrogen atom, a halogen atom, a nitro group, an amino group, 

♦ * 

a sulfonic acid group, a sulfonic acid ester group such as methyl 
20 sulfonate, alkyl groups such as methyl, ethyl, propyl, isopropyl, 
butyl, isobutyl, tert-butyl, amyl, andhexyl, alkoxy groups such 
as methoxy, ethoxy, propoxy, isobutoxy, and tert-butoxy, an 
aralkyl group, an acetoxy group, an ester group such as 
propoxycarbonyl, and the like organic groups. These organic 
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groups may further have substituents such as a halogen atom, a 
nitro group, and an amino group. Among these, a hydrogen atom, 
a halogen atom and alkyl groups having 1 to 20 carbon atoms are 
preferred. It shouldbe noted that although in the formula (G-l) , 
5 the two sets of R 1 to R 7 bonded to two phenylpyridine groups are 
explained to be the same, they may be different for different 
phenylpyridine skeletons. 

Among the compounds of the formula (G-l), those compounds 
in which the monovalent anionic bidentate ligand represented by 
10 L is a compound derived from p-diketone by elimination of one 
hydrogen ion is indicated by the formula (G-2) 




(G-2) 



wherein A XG , A , and A independently represent a hydrogen atom, 
a halogen atom or an organic group having 1 to 20 carbon atoms 
15 which may have one or more heteroatoms. X G represents a 
substituent having a polymerizable functional group, and R 1 to 
R 7 independently represent a hydrogen atom, a halogen atom, a nitro 
group, an amino group, a sulfonic acid group, a sulfonic acid ester 

- 
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group, or an organic group having 1 to 20 carbon atoms which may 
have one or more heteroatoms. 

Examples of the A 16 , A 2G , and A 3G in the formula (G-2) include 
a hydrogen atom, a halogen atom, alkyl groups such as methyl, 
5 ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, and 
hexyl, alkoxy groups such as methoxy, ethoxy, propoxy, isobutoxy, 
and tert-butoxy, an aralkyl group, an acetoxy group, an ester 
group such as propoxycarbonyl, and the like organic groups* 
These organic groups may further have substituents such as a 
10 halogen atom. 

In the formula (G-2), the substituent having a 
polymerizable functional group, represented by X G and R 1 to R 7 have 
the same meanings as those in the formula (G-l) . 

The chemical formulae such as the formula (G-l) ( 

15 representing the compounds of the present invention represent 

j. 

metal complex structures, and O-C-OC-0 in the chemical formulae 
such as the formula (G-2) indicates a resonant structure. Of 
course they include chemically acceptable structures. 

Next, examples of the synthesis methods for the 
20 polymerizable compound of formula (G-l) will be presented below. 
However, the present invention is by no means limited thereto. 

A first synthesis method for the polymerizable compounds 
is a method of producing a polymerizable compound containing a 
mononuclear iridium complex part by reacting a binuclear iridium 
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complex having a reactive substituent represented by the formula 
(G-6) with a compound that can become a monovalent anionic 
bidentate ligand upon elimination of one hydrogen ion to form a 
mononuclear iridium complex having a reactive substituent as an 
5 intermediate, and then reacting the reactive substituent of the 
intermediate with a compound having a polymerizable functional 
group: 




(G-6) 



wherein Y G is a substituent having a reactive functional group, 
10 and R 1 to R 7 independently represent a hydrogen atom, a halogen 
atom, a nitro group, an amino group, a sulfonic acid group, a 
sulfonic acid ester group, or an organic group having 1 to 20 carbon 
atoms which may have one or more heteroatoms. 

The binuclear iridium complex of the formula (G-6) can be 
15 synthesized by the known method (S. Lamansky et al., Inorganic 
Chemistry, AH, 1704 (2001)).. 

The Y 6 in the formula (G-6) is a substituent having a 
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reactive functional group, examples of which include a hydroxyl 
group, a mercapto group, an amino group, and a carboxyl group. 
However, the present invention is by no means limited thereto. 
The substituent Y s having a reactive functional group may be the 
5 above-mentioned functional group by itself or a substituent 
having a functional group such as a hydroxymethyl group. The 
reactive functional group of Y° may be protected with a protective 
group. In this case, the reaction is performed by using the 
complex or compound having a protected reactive substituent as 

10 it is to obtain a mononuclear iridium complex having a monovalent 
anionic bidentate ligand L, which then is subjected to 
deprotection to obtain a mononuclear iridium complex having a 
substituent Y° containing a reactive functional group as an 
intermediate. A further reaction between the reactive 

15 substituent of the intermediate and a compound having a 
polymerizable functional group gives rise to a polymerizable 
compound containing a mononuclear iridium complex part. From 
the functional groups for the reactive substituents are to be 
excluded the above-mentioned polymerizable functional groups. 

20 in the formula (G-6) , R 1 to R 7 have the same meanings as 

those in the formula (G-l) . As in the formula (G-l), the four 
sets of R 1 to R 7 bonded to four phenylpyridine skeletons may be 
different for different phenylpyridine skeletons. 

Examples of the compound that can become a monovalent 
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anionic bidentate ligand upon elimination of one hydrogen ion 
include 2-phenylpyridine, 0-diketone, picolinic acid, N- 
alkylsalicylimine, 8-hydroxyquinoline, and derivatives thereof . 
However, the present invention is by no means limited thereto. 
5 The compound having a polymerizable functional group to 

be reacted with the mononuclear iridium complex having a 
substituent Y° containing a reactive functional group obtained 
by the reaction between the binuclear iridium complex having a 
substituent containing a reactive functional group of the formula 

10 (G-6) and the compound that can become a monovalent anionic 
bidentate ligand upon elimination of one hydrogen ion must have 
in addition to the polymerizable group a functional group to be 
reacted with a substituent Y* having a reactive functional group 
in the formula (G-6) . The R 1 to R 7 in the formula (G-6) must be, 

15 selected from groups that do not react with the compound having 1 

i 

a polymerizable functional group to be reacted with the 
above-mentioned mononuclear iridium complex. 

Examples of the compound having a polymerizable functional 
group to be reacted with the above-mentioned intermediate include 
20 polymerizable acid chlorides, polymerizable alkyl halides, and 
polymerizable isocyanates. However, the present invention is 
by no means limited thereto. The polymerizable functional group 
may be any one of a radical polymerizable group, a cation 
polymerizable group, an anion polymerizable group, an addition 
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polymerizable group, and a condensation polymer izable group. 
Among these, a radical polymerizable functional group is 
preferred. The polymerizable functional group is preferably a 
group having a carbon-carbon double bond. Examples thereof 
5 include a vinyl group, an allyl group, an aikenyl group, 
alkenoyloxy groups such as an acryloyloxy group and a 
methacryloyloxy group, a ur ethane (meth) acryloyloxy group such 
as methacryloyloxyethyl carbamate, a styryl group and 
derivatives thereof, a vinyl amide group and derivatives thereof . 

10 Among the polymerizable functional groups, an acryloyloxy group, 
a methacryloyloxy group, a urethane (meth) acryloyloxy group, and 
a styryl group are preferred from the viewpoint of 
polymerizability. Specifically, examples of the polymerizable 
acid chloride include acrylic acid chloride, methacrylic acid 

15 chloride and the like. Examples of the polymerizable alkyl halide 
include vinylbenzyl chloride. Examples of the polymerizable 
isocyanate include methacryloyl isocyanate and 
methacryloyloxyethyl isocyanate. 

A second synthesis method for the polymerizable compound 

20 of the formula (G-l) is a method of directly producing a 
polymerizable compound containing a mononuclear iridium complex 
part by reacting a binuclear iridium complex represented by the 
formula (G-7) having a polymerizable functional group with a 
compound that can become a monovalent anionic bidentate ligand 
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upon elimination of one hydrogen ion: 




(G-7) 



wherein X G is a substituent having a polymer izable functional 
group, and R 1 to R 7 independently represent a hydrogen atom, a 
5 halogen atom, a nitro group, an amino group, a sulfonic acid group, 
a sulfonic acid ester group, or an organic group having 1 to 20 
carbon atoms which may have one or more heteroatoms. 

In the formula (G-7), the substituent having a 
polymerizable functional group represented by X G has the same 
10 meaning as in the formula (G-l) . R 1 to R 7 have the same meanings 
as those in the formula (G-l) . 

Examples of the compound that can become a monovalent 
anionic bidentate ligand upon elimination of one hydrogen ion 
include 2-phenylpyridine, p-di ketone, picolinic acid, N- 
15 alkylsalicylimine, 8-hydroxyquinoline, and derivatives thereof . 
However, the present invention is by no means limited thereto. 

- 146 - 



I 

I 

■ \ 

WO 03/001616 PCT/JP02/06139 

The composition containing a polymerizable light emitting 
compound for use in the polymer light emitting material of the 
present invention may contain an electron transporting compound 
for forming an electron transport layer • As the electron 
5 transporting compound, known electron transporting material, 
such as quinolinol derivative metal complexes, oxadiazole 
derivatives, and triazole derivatives maybe used. However, the 
present invention is by no means limited thereto. The electron 
transporting materials may be used singly or in admixture with 

10 other electron transporting materials. 

The electron transporting compound contained in the 
composition containing a polymerizable light emitting compound 
used for the polymer light emitting material of the present 
invention may be a electron transporting material that i^ 

15 polymerizable. The use of electron transporting compound being 
polymerizable is more preferable, since the freedom in selecting 
the composition containing a polymerizable light emitting 
compound for use in the polymer light emitting material of the 
present invention is increased. 

20 Examples of the polymerizable electron transporting 

compound include those compounds composed of the above-mentioned 
known electron transporting compounds such as quinolinol 
derivative metal complex such as Alcfc (trisquinolinol aluminum) , 
oxadiazole derivatives, and triazole derivatives to which at 
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least one polymerizable functional group, such as a (meth) acrylic 
group, a vinyl group, a styryl group, an isocyanate group, or 
a thiocyanate group, is bonded. Specific examples thereof 
include bisquinolinol methacryloyloxy quinolinol aluminum, 
5 quinolinol bismethacryloyloxy quinolinol aluminum, 
methacryloyloxy oxadiazole, styryl oxadiazole, bisstyryl 
oxadiazole and the like. In the case of the polymerizable 
electron transporting compound, cros slinking polymerizable 
electron transporting compounds such as quinolinol 
10 bismethacryloyloxy quinolinol aluminum and bisstyryl oxadiazole 
are preferred. 

The composition containing a polymerizable light emitting 
compound for use in the polymer light emitting material of the 
present invention may contain other polymerizable compounds., 

15 The existence of other polymerizable compounds in the composition 

i- 

is preferable since such increases the freedom in selecting the 
composition. 

* * 

Other polymerizable compounds are not particularly limited 
as far as they do not inhibit light emission of the polymer light 
20 emitting material of the present invention. Examples thereof 
include methyl methacrylate, ethyl acrylate, ethylene glycol 
dimethacrylate, propylene glycol diacrylate, 

trimethylolpropane triacrylate, styrene, stilbene and the like. 
In the case of other polymerizable compounds, crosslinking 
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compounds such as ethylene glycol dimethacrylate, propylene 
glycol diacrylate, trimethylolpropane triacrylate and stilbene 
are preferred. 

The polymerizable composition for use in the polymer light 
5 emitting material of the present invention may contain a 
polymerization initiator. Any polymerization initiator may be 
used without particular limitations as far as it can initiate 
the polymerization of the above-mentioned polymerizable 
functional groups . Depending on the mechanism of polymerization 

10 of the polymerizable functional group, a radical polymerization 
initiator, a cation polymerization initiator, an anion 
polymerization initiator and the like can be used. A radical 
polymerization initiator is preferred. Further, classifying 
the polymerization initiators by the mechanism of their 

15 activation, a thermal polymerization initiator and an optical 
polymerization initiator can be used. The optical 
polymerization initiator as used herein refers to those that 
initiate polymerization by actinic rays such as visible light, 
ultraviolet ray, electron beam, and gamma ray. 

20 Examples of the thermal radical polymerization initiator 

include azo compounds such as 2,2 , -azobisisobutyronitrile (AIBN) 
and2,2 f -azobisisovaleronitrile, ketone peroxides such as methyl 
ethyl ketone peroxide/ methyl isobutyl ketone peroxide, and 
cyclohexanone peroxide, diacyl peroxides such as benzoyl 

- 149 - 



I 
i 

• ■ . \ ■ ■ 

WO 03/001616 PCT/JP02/06139 

■ 

peroxide, decanoyl peroxide, and lauroyl peroxide, dialkyl 
peroxides such as dicumyl peroxide, t-butyl cumyl peroxide, and 
di-t-butyl peroxide, peroxy ketals such as 1, 1-bis (t-hexyl- 
peroxy) -3, 3,5-trimethylcyclohexane, 1,1-di-t-butylperoxy- 
5 cyclohexane, and 2, 2- (di-t-butylperoxy) butane, alkyl peroxy 
esters such as t-butyl peroxypivalate, t-butyl peroxy-2- 
ethylhexanoate, t-butyl peroxyisobutyrate, di-t-butyl 
peroxyhexahydroterephthalate/ di-t-butyl peroxyazelate, t- 
butyl peroxy-3, 5, 5-trimethylhexanoate, t-butyl peroxyacetate, 
10 t-butyl peroxybenzoate, di-t-butyl peroxytrimethyladipate, 
t-butyl peroxy-2-ethylhexanoate, t-hexyl peroxy-2-ethyl- 
hexanoate, percarbonates such as diisopropyl peroxydicarbonate, 

■ 

di-sec-butyl peroxydicarbonate, and t-butyl peroxyisopropyl- 
carbonate, and the like. 

i 

15 Examples of the optical radical polymerization initiator 

include acetophenone, acetophenone derivatives such as 2,2- 
dimethoxy-2-phenylacetophenone, diethoxyacetophenone, 1- 
hydroxycyclohexylphenyl ketone, 2-methyl-l- [4- (methylthio) - 
phenyl] -2-morpholino-l-propanone, 2-benzyl-2-dimethylamino- 

20 l-(4-morpholinophenyl)-l-butanone, and 2-hydroxy-2-methyl-l- 
phenylpropan-l-one, benzophenone, benzophenone derivatives 
such as 4, 4 '-bis (dime thylamino) benzophenone, and 4- 
trimethylsilylbenzophenone, 4-benzoyl-4 f -methyldiphenyl 
sulfide, benzoin, benzoin derivatives such as benzoin ethyl ether, 
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benzoin propyl ether, benzoin isobutyl ether, and benzoin 
isopropyl ether, methyl phenyl glyoxylate, benzoin dimethyl 
ketal, 2,4, 6-trimethylbenzoyldiphenylphosphine oxide, and so 
forth. 

5 The use amount of the polymerization initiators is in a 

range of from 0,001 to 5 mass% and preferably from 0.01 to 1 mass%, 
based on the weight of the polymerizable composition of the 
present invention. 

The polymerizable composition containing at least one 
10 light emitting compound of the present invention can be formed 
in a form of a film on a layer that serves as a base by a coating 
method. The layer that serves as a base may vary depending on 
the construction of the organic light emitting device. In the 

■ 

case of the device shown in Pig. 1, the hole transporting laye^p 

15 3 serves as a base layer, and in Examples 19 to 22, an ITO anode 

[ 

serves as a base layer. Upon coating the polymerizable 
composition containing at least one light emitting compound of 
the present invention on a base layer, the composition may also 
be coated after diluting it with a solvent. The dilution with 
20 a solvent can decrease the viscosity of the composition so that 
the film thickness can be reduced. The solvent used can be 
removed by a treatment such as heating or reduction in pressure 
before, during or after the polymerization. 

Although it is not generally limited, the thickness of the 
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light emitting layer composed of the polymer light emitting 
material of the present invention is preferably from 1 nm to 10 
|im and more preferably from 5 nm to 1 pm. 

A layer containing a light emitting material for organic 
5 light emitting device of the present invention can be prepared 
by forming (for example, by coating) a composition containing 
a polymer light emitting material into a form of a film on a layer 
that serves as a base for an organic EL device, or by forming 
a polymerizable composition containing at least one light 

10 emitting compound into a form of a film on a layer that serves 
as a base for an organic EL device and then polymerizing it to 
form a polymer. 

The layer containing a light emitting material for organic 
light emitting device as used herein means (1) a layer containing 

15 only a light emitting material, (2) a layer containing a hole 
transporting material, a light emitting material and an electron 
transporting material, (3) a layer containing a hole transporting 
material and a light emitting material, or (4) a layer containing 
a light emitting material and an electron transporting material . 

20 When a polymer light emitting material has a crosslinked 

structure, it is difficult that the polymer obtained by 

■ 

polymerizing is formed into a film under normal conditions. 
In the case where the crosslinkable compound having two or more 
polymerizable functional groups is homopolymerized by a solution 
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polymerization method/ the crosslinked polymer precipitates in 
the solvent as insoluble matter. Therefore/ the crosslinked 
polymer in film form can be produced by dissolving a polymerizable 
light emitting compound into a solvent or other liquid monomers / 
5 forming it into a film by printing methods such as a spin coating 
method/ dip coating and ink jet printing method/ screen printing 
method and micro gravure method/ and then polymerizing it. 

In the case of cdpolymerizing of the crosslinkable compound 
with a large amount of mono functional monomers / copolymer having 

10 a solubility to the solvent can be obtained and be coated on a 
substrate of an organic light emitting device in liquid state. 
In this case, the mono functional monomer must be used in large 
excess to an amount of the crosslinkable compound. 

In the organic light emitting device of the present 

15 invention, formation of a hole transport layer and an electron 
transport layer on the both sides or one side of the light emitting 
layer can further improve the light emission efficiency and/or 
durability of the device. 

As the hole transport material for forming a hole transport 

20 layer, known hole transport materials such as triphenyl amine 
derivatives, e.g., TPD (N,N f -diphenyl-N,N' ^3-methylphenyl) - 
1, l'-biphenyl-4, 4' -diamine) , a-NPD (4, 4 '-bis [N- (1-naphthyl) - 
N-phenylamino ] biphenyl ) / and m-MTDATA ( 4 , 4 1 / 4 1 1 -tris ( 3- 
me thylphenylphenyl amino) triphenylamine) , and polyvinyl- 

- 

• ■ * 
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* 

carbazole may be used. These hole transporting materials may be 
used singly or in admixture with or laminated on other hole 
transporting materials. The thickness of the hole transport 
layer also depends on the electroconductivity of the hole 
5 transport layer so that it cannot be generally limited. However, 
it is preferably from 10 nm to 10 pm and more preferably from 10 
nm to 1 Jim. 

As the electron transporting material for forming an 
electron transport layer, known electron transporting material, 
10 such as quinolinol derivatives metal complexes, e.g., Alc^ 
(trisquinolinol aluminum) , oxadiazole derivatives, and triazole 
derivatives may be used. However, the present invention is by 
no means limited thereto. The electron transporting materials 
may be used singly or in admixture with or laminated on othef 

i 

i i 

15 electron transporting materials. The thickness of the electron 
transport layer also depends on the electroconductivity of the 
electron transport layer so that it cannot be generally limited. 
However, it is preferably from 10 nm to 10 |im and more preferably 
from 10 nm to 1 pin. 

20 The light emitting material, hole transport material and 

electron transport material used in the above-mentioned light 
emitting layer can be used singly for forming each layer. In 
addition, the polymer material may be used as a binder for forming 
each layer. Examples of the polymer material used for this 
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purpose include polymethyl methacrylate, polycarbonate, 
polyester, polysulfone, polyphenylene oxide and the like. 
However, the present invention is by no means limited thereto. 

• * 

The light emitting material, hole transporting material and 
5 electron transporting material used in the above-mentioned light 

♦ 

emitting layer can be formed into a film by using various methods 
such as a resistance heating vapor deposition method, an electron 
beam vapor deposition method, a sputtering method, a coating 
method, a solution coating method, and a printing method and the 

10 present invention is not particularly limited thereto. In the 
case of low molecular weight compounds, mainly resistance heatinig 
vapor deposition and electron beam vapor deposition are 
frequently used. In the case of polymer materials, mainly a 
casting method and a solution casting method are frequently used. 

15 As the anode material of the organic light emitting device 

of the present invention, known transparent electroconductive 
materials such as ITO (indium tin oxide) , tin oxide, zinc oxide, 
electroconductive polymers, e.g., polythiophene, polypyrrole 
and pol y aniline can be used. However, the present invention is 

20 not particularly limited thereto. The surface resistance of the 
electrode made of such a transparent electroconductive material 
is preferably 1 to 50 Cl/D (ohm/square) . Such an anode material 
can be formed into a film by various methods such as an electron 
bean vapor deposition method, a sputtering method, a chemical 

■ . * 
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reaction method/ and a coating method. However, the present 
invention is not particularly limited thereto* The thickness 
of the anode is preferably from 50 to 300 nm. 

For the purpose of relaxation of the injection barrier wall, 
5 a buffer layer may be inserted between the anode and a hole 
transport layer or between the anode and an organic layer 
laminated adjacent to the anode. For the buffer layer, known 
materials such as copper phthalocyanine and polyethylene 
dioxythiophene may be used. However, the present invention is 

10 not particularly limited thereto. 

As the cathode material of the organic light emitting 
device of the present invention, known cathode materials * for 
example, Al, Mg-Ag alloys, alkaline earth metals such as Ca, 
alloys of Al and an alkaline metal, such as Al-Ca, and the like 

15 may be used. However, the present invention is not particularly 
limited thereto . As the method of forming a film of these cathode 
materials, a resistance heating vapor deposition method, an 
electron beam vapor deposition method, a sputtering method, an 
ion plating method and the like can be used. However, the present 

20 invention is not particularly limited thereto. The thickness of 

the cathode is preferably from 10 nm to 1 Mm and more preferably 
from 50 to 500 nm. 

For the purpose of improving the efficiency of electron 
injection, an insulating layer having a thickness of 0.1 to 10 
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run may be inserted between the cathode and an electron transport 
layer or between the cathode and an organic layer laminated 
adjacent to the cathode. For the insulating layer , known cathode 
materials such as lithium fluoride / magnesium fluoride/ 
magnesium oxide, and alumina may be used. However, the present 
invention is not particularly limited thereto. 

Furthermore, in order to prevent holes to pass through the 
light emitting layer and allow holes to efficiently recombine with 

* - 

electrons within the light emitting layer, a hole blocking layer 
may be provided adjacent to the cathode side of the light emitting 
layer. For forming such a hole blocking layer, known materials 
such as triazole derivatives and oxadiazole derivatives may be 
used. However, the present invention is not particularly limited 
thereto . 

As the substrate of the organic light emitting device of 

■ 

the present invention, an insulating substrate transparent to 
the emission wavelength of the light emitting material may be 
used. As such, known materials such as transparent plastics 
including PET (polyethylene terephthalate) and polycarbonate as 
well as glass may be used. However, the present invention is not 
particularly limited thereto. 

The organic light emitting device of the present invention 
can constitute a matrix-type or segment-type pixels by a known 
method. Also, it can be used as a backlight without forming 
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pixels. 

However, the present invention is not particularly limited 
thereto. 

5 BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter, the present invention will be described in 
more detail by referring to typical examples . However, the 
examples are merely exemplary for the purpose of explanation and 
the present invention should by no means be limited thereto. 
10 <Measurement Apparatus, etc> 
1) X H-NMR 



JNM EX270 manufactured by JEOL, Ltd. 



270 MHz 



Solvent: chloroform-d 2 or dimethyl sulfoxide-d tf 



15 2) GPC Measurement (Measurement of Molecular Weight) 



Column 



Shodex KF-G + KF804L + KF802 + KF801 



Eluent 



Tetrahydrofuran (THF) 



Temperature 



40°C 



Detector 



RI (Shodex RI-71) 



20 3) Elementary Analysis Equipment 



Model CHNS-932, manufactured by LECO 



4) ICP Elementary Analysis 



ICPS 8000, manufactured by Shimadzu Corporation 



<Re agent s> 
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Unless otherwise indicated specifically, commercially 
available preparation (reagent grade) was used without 
purification. 

5 Example 1 : Synthesis of Polymerizable compound Ir(3-M&- 
PPy) (3-PrC0-PPy) 2 

(1) 2- (3-Methoxyphenyl) pyridine (3-MeO-PPy) was synthesized 

« 

by a conventional method. 

That is, as shown in the reaction scheme below, (3- 
10 methoxyphenyl) magnesium bromide was synthesized from 22 . 4 g (120 

- - 

mmol) of 3-bromoanisole with 3.4 g of magnesium in dry 
tetrahydrofuran (THF) in an argon stream by a conventional manner . 
This was slowly added to a dry THF solution of 15.8 g (100 mmol) 
of 2-bromopyridine and 1.8 g of (1, 2-bis (diphenylphosphino) — , 

15 ethane) dichloronickel (II) (Ni (dppe) Cl 2 ) and the mixture was 1 
stirred at 50°C for 1 hour. After adding 250 ml of 5% hydrochloric' 
acid aqueous solution to the reaction mixture, the reaction 
mixture was extracted with chloroform to obtain a target substance 
and the organic layer was distilled under reduced pressure . 17.4 

20 g (93.9 mmol) of 2- (3-methoxyphenyl) pyridine (3-MeO-PPy) was 
obtained as a colorless transparent liquid. Identification was 
performed by CHN elementary analysis and ^-NMR. 
X H-NMR (CDC1 3 , ppm) : 6 8.68 (d, 1H) , 7.72 (m, 2H) , 7.59 (s, 1H) , 
7.54 (d, 1H), 7.37 (t, 1H) , 7.22 (d,lH), 6.97 (d, 1H) , 3.89 (s, 
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3H) . 

Elementary analysis Calcd: C 77,81, H 5.99/ N 7.56 

Found: C 77.44, H 6.01, N 7.53 



H 3 CO x HaCC^ 

Mg 

■Br ► ^ /-MgBr 

THF 




Br-( ~) H 3 CO 

N » r\_r\ 

Ni(dppe)Cl 2 N 

3-MeO-PPy 

(2) Then, 3-MeO-PPy thus obtained and tris(acetyl- 
acetonato) iridium (III) (Ir(acac) 3 ) were allowed to react at a 

high temperature as shown in the reaction scheme below to 

1 

synthesize tris [2- (3-methoxyphenyl) pyridine] iridium (III), 

. 

(Ir(3-MeO-PPy) 3 ) . j. 

That is, 5.00 g (27.0 mmol) of 3-MeO-PPy and 2.0 g (4.1 mmol) 
of Ir(acac) 3 were allowed to react in 200 ml of glycerol at 250°C 
for 9 hours and purified using column chromatography to obtain 
0.400 g (0.54 mmol) of Ir (3-MeO-PPy) , as yellow powder. 

Repeating the above-mentioned operation 8 times afforded 
3.20 g (4.32 mmol) in total of Ir (3-MeO-PPy) 3 . 

Identification of the product was performed by ^-NMR and 
CHN elementary analysis. . 

X H-NMR (CDC1 3/ ppm) : 5 7.82(d, 3H) , 7.56(t, 3H) , 7.53(s, 3H) , 

- 160 - 



WO 03/001616 



PCT/JP02/06139 



7.25(d, 3H), 6.84(t / 3H) , 6.67(d,3H), 6.60(d, 3H) , 3.80(3, 9H) 
Elementary analysis Calcd: C 58. 05, H 4.06, N 5.64. 

Found: C 57.60, H 4.17, N 5.57. 



H 3 cq 



glycerol 

+ lr (acac) 3 *- i Jl--ir 



3-MeO-PPy 




OCHr 



H 3 CO 



(3) 



Ir(3-MeO-PPy) 3 



The Ir (3-MeO-PPy) 3 thus obtained was subjected to 



hydrolysis in an aqueous solution of hydrochloric acid by a 
conventional method to convert the methoxy groups to hydroxyl 
groups to obtain - [2- (3-hydroxyphenyl) pyridine] iridium (III) 
(Ir (3-HO-PPy) 3 ) as powder as shown in the reaction scheme below. 



HjCQ 




OCH, 



10 



H 3 CO 

Ir(3-MeO-PPy) 3 



H,o 



HC1 




Ir(3-HO-PPy) 3 



(4) Ir ( 3-HO-PPy) 3 was allowed to react with methacryloyl 
chloride in a molar ratio of 1:1 by the reaction scheme below to 

a part of the hydroxyl groups thereof, thereby 
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synthesizing a complex composed mainly of Ir(3-MA-PPy) (3-HO- 
PPy) 2 . Then, the remaining hydroxyl groups were allowed to react 
with propionyl chloride (PrCOCl) to obtain a complex composed 
mainly of Ir(3-MA-PPy) (3-PrCO-PPy) 2 . 
5 That is, after charging 32 ml of dry THF, 2.81 g (4 mmol) 

of Ir (3-HO-PPy) 3 and 2.40 g (23.6 mmol) of triethylamine as a base 
in a reactor, a solution of 0.424 g (4 mmol) of methacryloyl 
chloride in 16 ml of dry THF was dripped over 30 minutes and the 
mixture was stirred at 20°C for 5 hours . To this reaction mixture, 

10 a solution of 1.48 g (16 mmol) of propionyl chloride in 16 ml of 
dry THF was dripped over 30 minutes, followed by reaction of the 
resulting mixture at 20°C for 5 hours to esterify the remaining 
hydroxyl groups to react. Then triethylamine hydrochloride was 
filtered off. The solvent in the filtrate was evaporated to 

15 dryness and the solid component was purified by recrystallization 
from chloroform/methanol mixed solvent 2 times to afford 2.305 
g (2 . 60 mmol) of the objective compound Ir (3-MA-PPy) (3-PrCO-PPy) 2 
as powder. Identification of the product was performed by ^-NMR 
and CHN elementary analysis. 

20 ^-NMR (CDC1 3 , ppm) : 6 7.82(m, 3H) , 7.56(m, 6H) , 7.26(m, 3H), 
6.84(m, 3H), 6.67(m,3H), 6.61(m, 3H) , 6.35(s, 1H) , 5.74(s, 1H) , 
2.67(q, 4H), 2.08 (s, 3H) , 1.42 (t, 6H) . 
Elementary analysis Calcd: C 58.49, H 4.11, N 4.76. 

Found: C 58.13, H 4.10, N 4.72. 
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CH,CH,CO 

3 2„ 

O 

Ir ( 3-MA-PPy ) ( 3-PrCO-PPy) 2 



i 

1 

Example 2 : Synthesis of Ir (3-MA.-PPy) (3-PrCO-PPy) 2 polymer I 
In a reactor were charged 2.22 g (2.5 mmol) of Ir(3-MA- 
5 PPy) (3-PrCO-PPy) 2 complex synthesized in Example 1, 0.010 g (0.061 
iomol) of 2,2*-azobis (isobutyronitrile) (AIBN) , and 30 ml of butyl 
acetate and the atmosphere was exchanged with nitrogen. 

Thereafter, the mixture was allowed to react at 80°C for 10 hours 
(cf . Reaction Scheme below) . After completion of the reaction, 
10 the reaction mixture was dripped into acetone to perform 
reprecipitation and the resultant polymer was recovered by 
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filtration. A procedure of reprecipitation by dripping a 
chloroform solution of the recovered polymer into methanol was 
further repeated 2 times to purify the polymer, which was then 
recovered and dried in vacuum to afford 1.85 g of the objective 
Ir(3-MA-PPy) (3-PrCO-PPy) 2 polymer as powder. The elementary 
analysis of C, H, N and Ir of the obtained polymer indicated that 
the polymer had the same composition as Ir (3-MA-PPy) (3-PrCO-PPy) 2 . 

• * 

The weight average molecular weight of the polymer was 8,000 in 
terms of polystyrene (by GPC measurement using HFIP 
(hexafluoroisopropariol) as an eluent) . 




Example 3 : Synthesis of Polymerizable compound Ir(3-M0I- 
PPy) (3-PrCO-PPy) 2 

A monomer intermediate Ir (3-HO-PPy) 3 synthesized in the 
same manner as in Example 1 was allowed to react with 2- 
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methacryloyloxyethyl isocyanate (Trade name "Karenz MOI", 
manufactured by Showa Denko K. K., hereinafter sometimes referred 
to as *MOI") in a ratio of 1:1 (molar ratio) and then the remaining 
hydroxyl groups were allowed to react with PrCOCl to obtain a 
5 complex composed mainly of Ir (3-MOI-PPy) (3-PrCO-PPy) 2 . 

That is, in a reactor were charged 32 ml of dry THF, 2.81 
g (4mmol) of Ir (3-HO-PPy) 3 , and 0.636 g (4 mmol) of MOI, and after 
addition of a catalyst amount of dibutyltin (IV) dilaurate, the 
mixture was allowed to react at 20°C for 5 hours . To this reaction 
10 mixture was added 2.400 g (24.5 mmol) of triethylamine as a base. 
Thereafter, a solution of 1.48 g (16 mmol) of propionyl chloride 
in 16 ml of dry THF was dripped over 30 minutes, followed by 

* ♦ * 

reaction at 20°C for 5 hours to react the remaining hydroxyl groups. 
Then triethylamine hydrochloride was filtered off. The solvent 

15 in the filtrate was evaporated to dryness and the solid component 
was purified by performing recrystallization from 
chloro form/me thanol mixed solvent 2 times to afford 2.62 g (2.70 
mmol) of the objective compound Ir (3-MOI-PPy) (3-PrC0-PPy) 2 as 
powder. Identification of the product was performed by ^-NMR 

20 and CHN elementary analysis. 

a H-NMR (CDC1 3/ ppm) : 6 7,82(111, 3H) , 7.56<m, 6H) , 7.26 (m, 3H) , 
6.84(m, 3H), 6.67(m,3H), 6.61(m, 3H), 6.14(3, 1H) , 5.61(s, 1H) 
5.23 (br, 1H), 4.29 (t, 2H) , 3.58 (m, 2H) , 2. 66(q / 4H) , 1.95(8, 3H) , 
1.41 (t, 6H) . 
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Elementary analysis Calcd: C 56.95, H 4.26, N 5.78. 

Found: C 56.58, H 4.25, N 5.72. 




8 

I 

Ir (3-MOI-PPy) (3-PrCO-PPy) 2 

5 Example 4 : Synthesis of Ir (3-MOI-PPy) (3-PrCO-PPy) 2 polymer 

In a reactor were charged 2.43 g (2.5 mmol) of Ir(3- 
MOI-PPy) (3-PrCO-PPy) 2 complex synthesized in Example 1, 0.010 g 
(0.061 mmol) of 2,2 f -azobis (isobutyronitrile) (AIBN) , and 30 ml 
of butyl acetate and the atmosphere was exchanged with nitrogen. 
10 Thereafter, the mixture was allowed to react at 80°C for 10 hours 
(cf. Reaction Scheme below). 

- 166 - 



I 
I 

.\ ■ ' 

WO 03/001616 PCT/JP02/06139 

After completion of the reaction, the reaction mixture was 
dripped into acetone to perform reprecipitation and the resultant 
polymer was recovered by filtration. A procedure of 
reprecipitation by dripping a chloroform solution of the 
5 recovered polymer into methanol was further repeated 2 times to 
purify the polymer, which was then recovered and dried in vacuum 
to afford 2.05 g of the objective Ir (3-MOI-PPy) (3-PrCO-PPy) 2 
polymer as powder. The elementary analysis of C, H, N and Ir of 
the obtained polymer indicated that the polymer had substantially 
10 the same composition as Ir (3-MOI-PPy) (3-PrCO-PPy) 2 . The weight 
average molecular weight of the polymer was 18,000 in terms of 
polystyrene (by GPC measurement using . HFIP 
(hexaf luoroisopropanol) as an eluent) . 




o o 

Ir(3-M0I-PPy) (3-PrCO-PPy) 2 
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Example 5 : Synthesis of (HPPy) Polymer Ir/PPy Complex 

As shown in Reaction Scheme below, 1.98 g (5.00 mmol) of 
5-bromo-2- (4-bromo-3-hexylphenyl) pyridine (HPPyBr 2 ) was 
polymerized in 10 ml of N,N-dimethylformamide (DMF) with 
5 bis (cyclooctadine) nickel (0) {Ni (COD) 2 ) / cyclooctadiene (COD) 
and 2,2'-bipyridine as catalysts by a conventional method to 
synthesize hexylphenylpyridine polymer (HPPy polymer) . 

Then, 0.625 g (4 mmol) of the HPPy polymer and 0.099 g (0.2 
mmol) of Ir (acac) 3 were dissolved in m-cresol and allowed to react 
10 at 250°C for 10 hours. Further, to this solution was added 0.062 
g (0.4 mmol) of 2-phenylpyridine (PPy) and the mixture was allowed 

* 

to react at 250°C for 10 hours. After completion of the reaction, 
the reaction mixture was dripped into acetone to perform 
reprecipitation and the obtained polymer was recovered by 

15 filtration. A procedure of reprecipitation by dripping a DMF 
solution of the recovered polymer into acetone was further 
repeated 2 times to purify the polymer, which was then recovered 
and dried in vacuum to afford 0.564 g of the objective (HPPy) 
Polymer Ir/PPy complex as powder. The elementary analysis of C, 

20 H, N and Ir of the obtained polymer supported the presumed 
structure of the polymer. The weight average molecular weight 
of the polymer was 23,000 in terms of polystyrene (by GPC 
measurement using HFIP (hexaf luoroisopropanol) as an eluent) . 
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Example 6 to 8 : Fabrication and evaluation of organic light 
emitting devices ' 
5 5 Mass% hexaf luoroisopropanol (HFIP) solutions of three 

- 

phosphorescent polymers synthesized in Examples 2, 4 and 5; i.e., 
Ir(3-MA-PPy) (3-PrCO-PPy) 2 polymer, Ir (3-MOI-PPy) (3-PrCO-PPy) 2 
polymer, and (HPPy) polymer Ir/PPy complex, respectively, were 
each coated in a size of 5 mm x 5 mm by a spin coating method on 
10 an ITO anode (ITO-coated glass substrate) on which 
polyethylenedioxythiophene (PEDOT, manufactured by Bayer AG) had 
been preliminarily coated to a thickness of 500 Angstroms and 
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dried by heating at 80°C in vacuum for 10 hours to form 
phosphorescent polymer layer having a thickness of about 1,000 
Angstroms on the PEDOT/ITO anode for each polymer* 

On the three types of (two for each) phosphorescent 
5 polymer/PEDOT/ITO electrodes, a layer of PBD (2- (4- 
biphenylyl) -5- (4-tert-butylphenyl) -1,3, 4-oxadiazole) was 
formed as an electron transport layer to a thickness of about 500 
Angstroms by vacuum deposition. Subsequently, on the electron 
transport layer was formed a layer of Ag/Mg in atomic ratio of 
10 1/10 to a thickness of about 1, 000 Angstroms to fabricate 6 (two 
for each polymer) organic light emitting devices. To these 
devices attached lead wires under argon atmosphere in a glove box 
and the devices were sealed in a glass tube under argon atmosphere 
and used for evaluation of luminescence. i 

■ 

15 The luminance of the devices was measured by using a ! 

I 

luminance meter BM-8, manufactured by Topcon Corporation while 
applying a voltage to the organic light emitting device using a 
programmable direct voltage/current source TR6143, manufactured 
by Advantest Corporation. 
20 When the DC voltage was applied, luminescence starting 

voltage, initial luminance at a voltage of 10 V and luminance after 
240 hours' consecutive luminescence with a fixed voltage of 10 
V were obtained as shown in Table 1 (as an average of the two devices 
for each polymer) . 

« 
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♦ 

Comparative Examples 1 and 2 : Fabrication and evaluation of 
organic light emitting devices 

Four (two for each polymer) of organic light emitting 
devices were fabricated in the same manner as in Example 6, 7 and 
8 except that 5 mass% chloroform solutions of intermediate complex 
Ir (3-MeO-PPy) 3 synthesized in Example 1 and PMMA (poly (methyl 
methacrylate) ) in place of the 5 mass* HFIP solutions of the three 
phosphorescent polymers used in Examples 6, 1 and 8 in proportions 
shown in Table 2 . When a DC voltage was applied to the fabricated 
devices in the same manner as in Examples 6, 7 and 8, luminescence 
starting voltage was 10 V and 11 V, respectively. Initial 
luminance at a voltage of 12 V, and luminance after 240 hours' 
consecutive luminescence with a fixed voltage of 12 V were as shown 
in Table 2 (as an average of the two devices for each polymer) . 
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Example 9 : Fabrication and evaluation of an organic light 
emitting device using a light emitting composition composed of 
a phosphorescent polymer compound and a hole transporting polymer 
compound 

5 3 mass% chloroform solution of the phosphorescent polymer 

synthesized in Example 4, i.e. # Ir (3-MOI-PPy) (3-PrCO-PPy) 2 
polymer and poly (N-vinylcarbazole) wafe prepared. The solution 
contained the polymers in a ratio of 70 mass% of the Ir(3- 
MOI-PPy) (3-PrCO-PPy) 2 polymer to 30 mass% of the poly (Br- 
io vinyl carbazole) . Two organic light emitting devices were 
fabricated in the same manner as in Examples 6, 7 and 8 except 
that this solution was used in place of the 5 mass% HFIP solutions 
of the three phosphorescent polymer used in Examples 6, 7 and 8. 

When a DC voltage was applied to the fabricated devices in the, 

i 

15 same manner as in Examples 6, 7 and 8, the luminescence starting^ 

I 

voltage was 5 V and the luminance at 12 V was 1/ 860 cd/m 2 , and 
the luminance after 240 hours' consecutive luminescence at a fixed 
voltage of 12 V was 1, 690 cd/m 2 (as an average of the two devices 
for each polymer) . 

20 

Example 10 : Fabrication and evaluation of an organic light 
emitting device using a light emitting composition composed of 
a phosphorescent polymer compound and an electron transporting 
low molecular weight compound 
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4 mass% chloroform solution of the phosphorescent polymer 

■ 

synthesized in Example 4, i.e., Ir (3-MOI-PPy) (3-PrCO-PPy) 2 
polymer and PBD was prepared. The solution contained the polymers 
in a ratio of 70 mass% of the Ir (3-MOI-PPy) (3-PrCO-PPy) 2 polymer 
5 to 30 mass% of the PBD. This solution was coated in a size of 
5 mm x 5 mm by a spin coating method on an ITO anode (ITO-coated 

■ 

glass substrate) on which polyethylenedioxythiophene (PEDOT, 

■* 

manufactured by Bayer AG) had been preliminarily coated to a 
thickness of 500 Angstroms and dried by heating at 80°G in vacuum 

10 for 10 hours to form phosphorescent polymer composition layer 
having a thickness of about 1, 000 Angstroms on the PEDOT/ITO anode . 
Subsequently, on each the phosphorescent polymer composition 
layer was formed a film of Ag/Mg (weight ratio: 9/1) as a cathode 
to a thickness of about 1,000 Angstroms to fabricate two organic 

15 light emitting devices . To these devices were attached lead wires 
in an argon atmosphere in a glove box and the devices were sealed 
in a glass tube in an argon atmosphere and used for evaluation 
of luminescence. When a DC voltage was applied to the fabricated 
devices in the same manner as in Examples 6, 7 and 8, the 

20 luminescence starting voltage was 6 V and the luminance at 12 V 
was 1,580 cd/m 2 , and the luminance after 240 hours' consecutive 
luminescence at a fixed voltage of 12 V was 1,340 cd/m 2 (as an 
average of the two devices for each polymer) . 

■ 
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Example 11 : Fabrication and evaluation of an organic light 
emitting device using a light emitting composition composed of 
a phosphorescent polymer compound and an electron transporting 
polymer compound 

5 3 mass% chloroform solution of the phosphorescent polymer 

synthesized in Example 4, i.e., Ir (3-MOI-PPy) (3-PrCO-PPy) 2 
polymer and the poly PBD synthesized by the method disclosed in 
Japanese Patent Application Laid-open No. 10-1665 was prepared. 
The solution contained the polymers in a ratio of 70 mass% of the 

10 Ir(3-M0I-PPy) (3-PrCO-PPy) 2 polymer to 30 mass% of the poly PBD. 
Two organic light emitting devices were fabricated in the same 
manner as in Example 10 except that this solution was used in place 
of the 5 mass% chloroform solution of the phosphorescent polymer 
and PBD used in Example 10. When a DC voltage was applied to the 

15 fabricated devices in the same manner as in Examples 6, 7 and 8, 
the luminescence starting voltage was 5 V and the luminance at 
12 V was 1,710 cd/mY and the luminance after 240 hours' 
consecutive luminescence at a fixed voltage of 12 V was 1, 580 cd/m 2 
(as an average of the two devices for each polymer). 

20 

Example 12 : Synthesis of polymerizable light emitting compound 
Ir(3-MA-PPy) 3 

In the same manner as in the synthesis described in Example 
1, Ir (3-MeO-PPy) 3 was subjected to hydrolysis of methoxy groups 
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in an aqueous solution of hydrochloric acid to convert them into 
hydroxyl groups to obtain tris (3-hydroxyphenylpyridine) iridium 
(III) (Ir (3-HO-PPy) 3 ) as powder (cf. Reaction Scheme below) . 

Then, Ir (3-HO-PPy) 3 was allowed to react with methacryloyl 
5 chloride in a molar ratio of 1 : 3 to esterif y all the hydroxyl groups 
thereof to synthesize an Ir (3-MA-PPy) 3 complex. 

That is, in a reactor were charged 32 ml of dry THF, 2.81 
g (4 mmol) of Ir (3-HO-PPy) 3 and 2.40 g (23.6mmol) of triethylamine 
as a base and a solution of 1.293 g (12.2 mmol) of methacryloyl 
10 chloride in 32 ml of dry THF was dripped over 90 minutes to perform' 
reaction at 20°C for 5 hours. The precipitated triethylamine 
hydrochloride was filtered off and the solvent in the filtrate 
was evaporated to dryness. The obtained solid component was 
purified by performing recrystallization from a mixed solvent of 

! 

15 hexafluoroisopropanol /methanol two times to obtain 2.805 g (3.08' 

I- 

mmol) of the objective trifunctional Ir ( 3-MA-PPy ) 3 as powder. 
Identification of the product was performed by ^-NMR and CHN 
elementary analysis. 

^-NMR (CDCI3, PPm) : 5 7.82(d, 3H) , 7.58(t, 3H) , 7.55(8, 3H) , 
20 7.26(d, 3H), 6.86(t, 3H) , 6.67(d,3H), S.SSCd, 3H) , 6.36(3, 3H) , 
5.74 (s, 3H), 2.09( S/ 9H) . 

Elementary analysis Calcd: C 59.59, H 4.00, N 4.63. 

Found: C 59.21, H 3.98, N 4.58. 
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Example 13 : Synthesis of polymerizable light emitting compound 
Ir (3-MOI-PPy) 2 (3-PrCO-PPy) 
5 The monomer intermediate Ir (3-HO-PPy) 3 synthesized in the 

same manner* as in Example 1 was allowed to react with 2- 
methacryloyloxyethyl isocyanate (Trade name "Karenz MOI", 
manufactured by Showa penko K. K., hereinafter sometimes referred 
to as w M0I") in a ratio of 1:3 (by mole) and the remaining OH group 

10 was allowed to react with propionyl chloride (PrCOCl) to obtain 
an Ir(3-M0I-PPy) 2 (3-PrCO-PPy) complex. 

That is, in a reactor were charged 48 ml of dry THF and 2.81 
g (4 mmol) of Ir (3-HO-PPy) 3 and 1.272 g (8 mmol) of MOI and a 
catalyst amount of dibutyltin (IV) dilaurate was added thereto, 

15 and the mixture was allowed to react at 20°C for 5 hours. After 
adding 2.400 g (24.5 mmol) of triethylamine as a base to the 
reaction mixture, a solution of 0.74 g (8.0 mmol) of PrCOCl in 
8 ml of dry THF was dripped over 30 minutes and the mixture was 
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allowed to react at 20°C for additional 5 hours to esterify the 
remaining hydroxyl groups. The precipitated trl ethyl amine 
hydrochloride was filtered off and the solvent in the filtrate 
was evaporated to dryness. The obtained solid component was 
5 purified by performing recrystallization from a mixed solvent of 
chloroform/methanol two times to obtain 2.75 g (2.57 mmol) of the 
objective Ir (3-MOI-PPy) 2 (3-PrCO-PPy) as powder. Identification 
of the product was performed by l H-NMR and CHN elementary analysis . 
X H-NMR (CDC1 3 , ppm) : 5 7 .81 (m, 3H) , 7.54 (m, 6H) , 7 .26 (m, 3H) , 
10 6.86(m, 3H), 6.68(m,3H), 6.59(m, 3H) , 6.13(3, 2H) , 5.60(s, 2H) , 
5.22 (br, 2H), 4.27 (t, 4H) , 3.57 (m, 4H) , 2.67 (q, 2H) , 1.95(s, 6H) , 

■ 

1.41 (t, 3H) . 

- 

Elementary analysis Calcd: C 56.17, H 4.34/ N 6.55. 

* 

Found: C 55.86, H 4.37/ N 6.51. 
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Examples 14 to 19 : Fabrication and evaluation of organic light 
emitting devices using polymerizable compositions 

10 Mass% chloroform solutions of combinations of the four 
phosphorescent polymerizable compounds synthesized in Examples 
1, 3, 12 and 13/ i.e., mono functional Ir(3-MA-PPy) (3-PrCO-PPy) 2 , 
monofunctional Ir (3-MOI-PPy) (3-PrCO-PPy) 2 , tri functional (3- 
M0I-PPy) 3/ and bifunctional (3-MOI-PPy) 2 (3-PrCO-PPy) , 
respectively as shown in Table 3 were prepared. After addition 
of AIBN (azobisbutyronitrile) as a polymerization initiator in 
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an amount of 2 mass parts per 100 mass parts of the total amount 
of the monomers, each of the solutions was coated in an area of 
a size of 5 mm x 5 mm by a spin coating method on an ITO anode 
(ITO-coated glass substrate) on which polyethylenedioxy- 
5 thiophene (PEDOT, manufactured by Bayer AG) had been 
preliminarily coated to a thickness of 500 Angstroms. This was 
dried by heating at 60°C for 2 hours to polymerize and cure each 
monomer and further dried at 80°C under reduced pressure for 8' 
hours to form phosphorescent polymer layer having a thickness of 
10 about 1, 000 Angstroms on the PEDOT/ITO anode for each combination. 

On each of the six types of (total twelve) phosphorescent 
polymer/ PEDOT/ I TO electrodes , a layer of TAZ (3- (4- 
biphenylyl) -4-phenyl-5- (4-tert-butylphenyl) -1/2, 4-triazole) 

was formed as an electron transport layer to a thickness of about 

• i 

15 500 Angstroms by vacuum deposition. Subsequently, on th^ 
electron transport layer was formed a layer of Ag/Mg (mass ratio: 
9/1) as a cathode to a thickness of about 1,000 Angstroms to 
fabricate 6 (two for each polymer) organic light emitting devices . 
To these devices were attached lead wires in an argon atmosphere 

20 in a glove box and the devices were sealed in a glass tube in an 
argon atmosphere and used for evaluation of luminescence. 

The luminance of the devices was measured by using a 
luminance meter BM-8, manufactured by Topcon Corporation while 
applying a voltage to the organic light emitting device using a 
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programmable direct voltage/current source TR6143, manufactured 
by Advantest Corporation, 

When the DC voltage was applied/ luminescence starting 
voltage, initial luminance at 10 V and luminance after 240 hours' 
consecutive luminescence with a fixed voltage of 10 V were 
obtained as shown in Table 3 (as an average of the two devices 
for each polymer system) . 
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Scheme A 




Ir(3-MA-PPy) (3-PrCO-PPy) 2 



Scheme B 
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Scheme C 




Ir(3-MDI-PPy) (3-PrCO-PPy) 2 



Scheme D 




Ir(3-MOI-PPy) (3-PrCO-PPy) 2 Ir (3-MDI-PPy) 2 (3-PrCO-PPy) 
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Examples 20 to 23 and Comparative Example 3 : Fabrication and 
evaluation of organic light emitting devices using polymerizable 
compositions 

Phenylpyridine (PPy) and tris (acetylacetonato) iridium 
5 (III) (Ir(acac) 3 ) were allowed to react at 300°C by a conventional 
method to synthesize a phosphorescent compound 
tris (phenylpyridine) iridium (III) (Ir(PPy) 3 ). 

Electron transporting compound- added polymerizable 
luminescent compound compositions as 10 mass% chloroform 
10 solutions were prepared by combining the phosphorescent 
polymerizable compounds synthesized in Examples 1 and 12, i.e., 
mono functional Ir(3-MA-PPy) (3-PrCO-PPy) 2 and trifunctional 
(3-MOI-PPy) 3 , respectively, and a bifunctional electron 
transporting compound: bisstyryl oxadiazole (BSODA) , and a 
15 comparative electron transporting compound: oxadiazole (ODA) as 

!■ 

shown in Table 4 were prepared. After addition of AIBN 
(azobisbutyronitrile) as a polymerization initiator in an amount 
of 2 mass parts per 100 mass parts of the total amount of the 
monomers, each of the solutions was coated in an area of a size 
20 of 5 mm x 5 mm by a spin coating method on an ITO anode (ITO- 
coated glass substrate) on which polyethylenedioxythiophene 
(PEDOT, manufactured by Bayer AG) had been preliminarily coated 
to a thickness of 500 Angstroms. This was dried by heating at 
60°C for 2 hours to polymerize and cure each monomer and further 
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dried at 80°C under reduced pressure for 8 hours to form 
phosphorescent polymer layer having a thickness of about 1,000 
Angstroms on the PEDOT/ITO anode for each combination. 

On each of the five types of (total ten) phosphorescent 
5 polymer/PEDOT/ITO electrodes, a layer of Ag/Mg (mass ratio: 9/1) 
as a cathode was formed to a thickness of about 1,000 Angstroms 
to fabricate five types of (two for each type) organic light 
emitting devices. To these devices were attached lead wires in 
an argon atmosphere in a glove box and the devices were sealed 
10 in a glass tube in an argon atmosphere and evaluated for light 
emitting properties in the same manner as in Examples 14 to 19. 
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Example 25 : Synthesis of a polymerizable compound Ir(MA- 
PPy) (PPy) 2 

(1) The methoxy group of 3-MeO-PPy synthesized in the same 
manner as in Example 1 was hydrolyzed by a conventional method. 
5 That is, as shown in Reaction Scheme below, 16.0 g (86.4 

mmol) of 3-MeO-PPy was dissolved in concentrated hydrochloric 
acid and stirred in a sealed vessel at 130°C for 4 hours. After 
completion of the reaction, the reaction mixture was neutralized 
with an aqueous solution of sodium hydrogen carbonate and the 

10 objective compound was extracted with chloroform. 
Crystallization of the extract from a chloroform/hexane solution 
afforded 10.4 g (60.7 mmol) of 2- (3-hydroxyphenyl) pyridine 
(3-HO-PPy) as colorless crystal. Identification was performed 
by ^-NMR and elementary analysis of C, H and N. 

15 X H-NMR (CDC1 3 , ppm) : 6 8.66(d, 1H) , 7.76(t, 1H) , 7.67(d, 1H) , 
7.56(s, 1H), 7.40 (d,lH), 7.30(t, 1H) , 7.26(t,lH), 6.88(d, 1H) , 
2.08 (br, 1H) . 

Elementary analysis Calcd: C 77.17, H 5.30, N 8.18. 

■ 

Found: C 76.81, H 5.37, N 8.11. 




3-MeO-PPy 3-HO-PPy 
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(2) The hydroxyl group of 3-HO-PPy was protected by tert- 
butyldimethylsilyl chloride (TBDMS-Cl) by a conventional method. 

That is, as shown in the Reaction Scheme below, a solution 
of 8.6 g (50.2 mmol) of 3-HO-PPy, 10.2 g of imidazole and 11.3 
5 g (75.0 mmol) of tert-butyldimethylchlorosilane in 200 ml of 
N,N-dimethylformamide was allowed to react at room temperature 
for 4 hours. Purification of the reaction mixture using a silica 
gel column afforded 13.0 g (45.5 mmol) of 2-(3-tert- 
butyldimethylsilyloxyphenyl) pyridine (3-SiO-PPy) as a colorless 
10 transparent liquid. Identification was performed by elementary 
analysis of C, H and N and ^-NMR. 

X H-NMR (CDC1 3 , ppm) : 5 8.68 (d, 1H) , 7.74 (t, 1H) , 7.68 (d, 1H) , 
7.58(d, 1H), 7.48(s, 1H) , 7.32(t, 1H) , 7 .22 (t, 1H) , 6.89(d, 1H) , 
1.01(s, 9H) , 0.24(s, 6H) . , 
15 Elementary analysis Calcd: C 71.53, H 8.12, N 4.91. 

i 

Found: C 71.08, H 8.14, N 4.88. 




3-HO-PPy 3-SiO-PPy 



(3) The 3-SiO-PPy was allowed to react with di(ji- 
chloro) tetrakis(2-phenylpyridine)diiridium (III) 
20 ([Ir (PPy) 2 Cl] 2 ) synthesized by a conventional method in the 
presence of silver (I) trifluoromethanesulfonate (AgCF 3 S0 3 ) . 
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That is, as shown in the Reaction Scheme below, 2.70 g of 
AgCF 3 S0 3 was added to a suspension of 5.71 g (20.0 ramol) of SiO-PPy 
and 5.37 g (5.0 mmol) of [Ir (PPy) 2 C1] 2 in 5.37 g (5.0 mmol) of 
dry toluene and refluxed for 6 hours. Purification of the 
5 reaction mixture using a silica gel column and then distilling 
off the solvent afforded 2.53 g (3.2 mmol) of (2-(3-tert- 
butyldimethylsilyloxyphenyl) pyridine) bis (2-phenylpyridine) 
iridic (III) (ir(PPy) 2 (3-SiO-PPy) ) as yellow powder. 
Identification was performed by elementary analysis of C, H and 
10 N and 1 H-NMR . 

^-NMR (CDC1 3/ ppm) : 8 7.86(d, 2H) , 7.78(d, 1H) , 7.64(d, 2H) , 
7.55(m, 6H), 7.16(s, 1H) , 6 .85 (m, 9H) , 6. 60 (d, 1H) , 6.45 (d, 1H) . 
Elementary analysis Calcd: C 59.67, H 4.88, N 5.35. 

Found: C 59.53, H 4.89, N 5.34. 
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Ir (PPy) 2 (3-SiO-PPy) 



(4) The silyl group of Ir (PPy) 2 (3-SiO-PPy) was hydrolyzed by 
a conventional method. 

That is, as shown in the Reaction Scheme below, 5.1 ml of 
5 a 1 M THF solution of tetra-n-butylammonium fluoride (TBAF) was 
added to a THF solution of 2.00 g (2.55 mmol) of Ir(PPy) 2 (3- 
SiO-PPy) and the mixture was allowed to react at room temperature 
for 30 minutes. Purification of the reaction mixture using a 
silica gel column and then distilling off the solvent afforded 
10 1.69 g (2.52 mmol) of (2- (3-hyroxyphenyl) pyridine) bis(2- 
phenylpyridine) iridium (III) (ir (PPy) 2 (3-HO-PPy) ) . 

Identification was performed by elementary analysis of C, H and 

« ■ 
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N and l H-NMR. 

1 H-NMR (CDC1 3 , ppm) : 5 7.87(d, 2H) , 7.78 (d, 1H) , 7.6(m, 9H) , 6.85(m, 
10H), 6.63 (d, 1H), 4.23 (s, 1H) . 

Elementary analysis Calcd: C 59.09, H 3.61, N 6.26. 

Found: C 58.64, H 3.74, N 6.17. 




Ir (PPy) 2 ( 3-SiO-PPy ) Ir (PPy) 2 ( 3-HO-PPy) 

(5) As shown in the Reaction Scheme below, 0.25 g (2.4 mmol) 
of methacryloyl chloride was added to a solution of 1.34 g (2.o' 

- ! 

mmol) of Ir (PPy) 2 (3-HO-PPy) and 0.81 g (8.0 mmol) of triethylamine j 
as a base in dry THF under argon stream and the mixture was allowed 
to react at 20°C for 5 hours. Triethylamine hydrochloride was 
filtered from the reaction mixture and purification of the 
filtrate using a silica gel column followed by distilling of the 
solvent afforded 1.28 g (1.73 mmol) of (2-(3- 
methacryloyloxyphenyl) pyridine) bis (2-phenylpyridine) iridium 
(III) (Ir (3-MA-PPy) (PPy) 2 ) . Identification was performed by 
elementary analysis of C, H and N and X H-NMR. 

^-NMR (CDC1 3 , ppm) : 5 7.87(d, 2H) , 7.78 (d, 1H) , 7.6(m, 8H) , 7.40(3, 

■ 

- 192 - 



\ 

I 

:\ 

WO 03/001616 , PCT/JP02/06139 

1H), 6.8(m, 10H), 6.59(d,lH), 6.35(s, 1H) , 5.74(3, 1H) , 2.08(3, 
3H). 

Elementary analysis Calcd: C 60.15, H 3.82, N 5.69. 



Found: C 59.85, H 3.86, N 5.66. 

CH 3 
I 3 




5 Ir (PPy) 2 (3-HO-PPy) Ir (PPy) 2 (3-MA-PPy) 

t * 

Example 26 : Synthesis of a polymerizable compound Ir(3-MOI- 
PPy) (PPy) 2 . \ 

t 
1 

As shown in the Reaction Scheme below, 0.37 g (2.38 mmol)j 
10 of 2-methacryloyloxyethyl isocyanate (Trade name "Karenz MOI n / 
manufactured by Showa Denko K. K. , hereinafter sometimes referred 
to as "MOI") was added to a solution of 1.34 g (2.0 mmol) of 
Ir (PPy) 2 (3-HO-PPy) synthesized in the same manner as in Example 
25, 9 mg of 2, 6-di-tert-butyl-4-methylphenol (BHT) , and 13 mg of 
15 dibutyltin (IV) dilaurate (DBTL) in dry THF under argon stream 
and the mixture was allowed to react at 50°c for 1 hour. 
Purification of the reaction mixture using a silica gel column 
followed by distilling off the solvent afforded 1.48 g (1.79 mmol) 
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of (2- (3- ( (2-methacryloyloxyethyl) carbamoyloxy) phenyl) - 

pyridine) bis (2-phenylpyridine) iridium (III) (Ir(PPy) 2 (3- 
MOI-PPy) ) . Identification was performed by elementary analysis ' 
of C, H and N and 2 H-NMR. 
5 X H-NMR (CDC1 3 , ppm) : 5 7 . 87 (d, 2H) , 7 . 80 (d, 1H) , 7.. 6 (m, 8H) , 7 . 42 (s, 
1H), 6.8(01, 10H), 6.59(d,lH), 6.14(8, 1H) , 5.60(s, 1H) , 5.21(br, 
1H), 4.28(t, 2H), 3.57(m, 2H) , 1.96(s, 3H) . 
Elementary analysis Calcd: C 58.17, H 4.03, N 6.78 

Found: C 57.78, H 4.02, N 6.72. 




10 Ir (PPy) 2 (3-HO-PPy) Ir(PPy) 2 (3-M0I-PPy) 

Example 27 : Synthesis of a polymer izable compound Ir(4-MA- 

ppy) 2 (PPy) 

(1) 2- (4-Methoxyphenyl) pyridine (4-MeO-PPy) was synthesized 
15 by a conventional method. 

That is, as shown in the Reaction Scheme below, (4- 
methoxyphenyl) magnesium bromide was synthesized from 22.4 g (120 
mmol) of 4-bromoanisole by a conventional method by using 3.4 g 

- 194 - 



I 

. \ ■ ' 

WO 03/001616 PCT/JP02/06139 

of magnesium (Mg) in dry tetrahydrofuran (THF) under argon stream 
and added slowly into a solution of 15.8 g (100 mmol) of 2- 
bromopyridine and 1.8 g of (1,2-bis (diphenylphosphino)- 
ethane)dichloronickel (II) (Ni (dppe) Cl 2 ) in dry THF and the 
mixture was refluxed for 1 hour. After adding 250 ml of an aqueous 
solution of 5% hydrochloric acid to the reaction mixture, the 
reaction mixture was washed with chloroform. The water layer was 
neutralized with an aqueous solution of sodium hydrogen carbonate 
and the objective compound was extracted with chloroform and the 
organic layer was distilled off under reduced pressure. The 
distillate immediately solidified at room temperature to obtain 
15.1 g (81.5 mmol) of 2- (4-methoxy-phenyl) pyridine (4-MeO-PPy) 
as white solid. Identification was performed by elementary 
analysis of C, H and N and ^-NMR. , 
'H-NMR (CDC1 3 , ppm) : 5 8.65(d, 1H) , 7.95(d, 2H) , 7.71 (t, 1H) , ! 

■ 

7.66(d, 1H), 7.16(t, 1H) , 7.00(d, 2H) , 3.86(s, 3H) . ' 
Elementary analysis Calcd: C 77.81, H 5.99, N 7.56. 

Found: C 77.52, H 6.10, N 7.40. 
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4-MeO-PPy 



(2) The methoxy group of 4-MeO-PPy was hydrolyzed by a 
conventional method . ' 

That is, as shown in Reaction Scheme below, 15.0 g (80.1 
5 mmol) of 4-MeO-PPy was dissolved in concentrated hydrochloric 
acid and stirred in a sealed vessel at 130°C for 4 hours. After 
completion of the reaction, the reaction mixture was neutralized 
with an aqueous solution of sodium hydrogen carbonate and the! 
objective compound was extracted with chloroform. 

I 

10 Crystallization of the extract from a chloroform/hexane solution 

* ^ * 

afforded 10.0 g (58.5 mmol) of 2- ( 4-hydroxyphenyl ) pyridine 
(4-HO-PPy) as colorless crystal. Identification was performed 
by elementary analysis of C, H and N, and ^-NMR. 
1 H-NMR (CDC1 3 , ppm) : 5 8.63(d, 1H) , 7.82(d, 2H) , 7.74(t, 1H) , 
15 7.65(d, 1H), 7.20(t, 1H) , 6.85(d, 2H) . 

Elementary analysis Calcd: C 77.17, H 5.30, N 8.18. 

Found: C 76.91, H 5.39, N 8.02. 
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4-MeO-PPy 4-HO-PPy 



(3) 4-HO-PPy was allowed to react with sodium hexachloroiridate 
n-hydrate (Na 3 IrCl 6 • nH 2 0) by a conventional method to synthesize 

di (n-chloro) tetrakis (2- (4-hydroxyphenyl) pyridine) diiridium 
5 (III) ([Ir (4-HO-PPy) ? C1] 2 ) . 

That is, as shown in the Reaction Scheme below, 10.0 g of 
Na 3 IrCl 6 • nH 2 0 was dissolved in 400 ml of a 3:1 mixed solvent of 
2-ethoxyethanol and water and argon gas was blown therein for 30 
minutes • Then 8 . 6 g (5.2 mmol) of 4-HO-PPy was added and dissolved 

10 in the solution under argon stream, followed by reflux for 5 hours . 
After completion of the reaction, the solvent was distilled off 
and recrystallization of the residue from ethanol afforded 5.88 
g (5.18 mmol) of [Ir (4-HO-PPy) 2 C1] 2 as reddish brown crystal. 
Identification was performed by elementary analysis of C> H and 

15 N and X H-NMR. 

^H-NMR (DMSO-d*, ppm) : 6 9.66(d, 2H) , 9.38 (d, 2H) , 7.95 (m, 8H) , 
7. 61 (d, 2H), 7.54 (d, 2H) , 7.38 (t, 2H) , 7.26(t, 2H) , 6.33 (d, 2H) , 
6.28 (d, 2H), 5.67(3, 2H) , 5.12 (s, 2H) . 
Elementary analysis Calcd: C 46.52, H 2.84, N 4.93. 

20 Found: C 46.33, H 2.51, N 4.76. 
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Na 3 IrCl 6 -JiH 2 0 + HO 




[Ir(4-HO-PPy) 2 Cl] 2 



(4) [Ir (4-HO-PPy) 2 Cl] 2 was allowed to react with 2- 
phenylpyridine (PPy) in the presence of silver (I) 
trif luoromethanesulfonate (AgCF 3 S0 3 ) by a conventional method. 
5 That is, as shown in the Reaction Scheme below, 1.98 g of 

AgCF 3 S0 3 was added to a suspension of 3.98 g (3.5 mmol) of 
[Ir (4-HO-PPy) 2 Cl] 2 and 15.5 g (10.0 mmol) of PPy in dry toluene 
and the mixture was refluxed for 6 hours. Purification of the 
reaction mixture using a silica gel column followed by distilling 

10 off the solvent afforded 2.20 g (3.2 mmol) of bis (2- (4- 
hydroxyphenyl) pyridine) (2-phenylpyridine) iridium (III) (Ir(4- 
HO-PPy) 2 (PPy) ) as yellow powder. Identification was performed 
by elementary analysis of C, H and N and ^-NMR. 
2 H-NMR (CDC1 3 , ppm) : 6 7 . 88 (d, 1H) , 7 . 78 (d, 2H) , 7.6 (m, 9H) , 6 . 85 (m, 

15 8H) , 6.64 (d, 2H) . 
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Elementary analysis Calcd: C 57.71, H 3.52, N 6.12. 

Found: C 57.46, H 3.49, N 5.99. 




OH 

Ir(4-HO-PPy) 2 (PPy) 

(5) As shown in the Reaction Scheme below, 0.50 g (4.8 mmol) 
of methacryloyl chloride was added to a solution of 1.37 g (2.0 
mmol) of Ir (4-HO-PPy) 2 (PPy) and 0.81 g (8.0 mmol) of triethylamine 
as a base in dry THF under argon stream and the mixture was allowed 
to react at 20°C for 5 hours. Triethylamine hydrochloride was 
filtered off from the reaction mixture and purification of the 
filtrate using a silica gel column followed by distilling of the 
solvent afforded 1.55 g (1.88 mmol) of bis (2- ( 4- 
methacryloyloxyphenyl) pyridine) (2-phenylpyridine) iridium 

* 
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(III) (Ir(4-MA-PPy) 2 (PPy)) . Identification was performed by 
elementary analysis of C, H and N and ^-NMR. 
X H-NMR (CDCI3, ppm) : 5 7.87(d, 1H) , 7.78 (d, 2H) > 7.6 (m, 9H) , 6.8 (m, 
8H), 6.59(s ,2H), 6.35(s, 2H) , 5.74(s, 2H) , 2.08(s, 6H) . 
5 Elementary analysis Calcd: C 59.84, H 3.92, N 5.11. 

Found: C 59.95, H 3.82, N 5.04. 




CH 3 
H 2 C=C-C-C1 
0 

TEA 




Ir (4-H0-PPy) 2 (PPy) 



0-C-C=CH 2 
O CH 3 

Ir (4-MA-PPy) 2 (PPy) 



Example 28 : Synthesis of a polymerizable compound Ir(4-MOI- 
10 PPy) 2 (PPy) 

As shown in the Reaction Scheme below, 0.75 g (4.83 mmol) 
of 2-methacryloyloxyethyl isocyanate (Trade name "Karenz MOI w , 
manufactured by Showa Denko K. K. , hereinafter sometimes referred 
to as x> M0I") was added to a solution of 1.37 g (2.0 mmol) of 
15 Ir (4-HO-PPy) 2 (PPy) synthesized in the same manner as in Example 
27, 18 mg of 2, 6-di-tert-butyl-4-methylphenol (BHT) , and 26 mg 
of dibutyltin (IV) dilaurate (DBTL) in dry THF under argon stream 
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and the mixture was allowed to react at 50°C for 1 hour. 
Purification of the reaction mixture using a silica gel column 
followed by distilling off the solvent afforded 1. 68 g (1. 68 mmol) 
of bis (2- (4- ( (2-methacryloyloxyethyl) carbamoyloxy) phenyl ) - 
5 pyridine) (2-phenylpyridine) iridium (III) (Ir(4-MOI- 
PPy) 2 (PPy)). Identification was performed by elementary 
analysis of C, H and N and ^-NMR. 

^-NMR (CDC1 3 , ppm) : 6 7.85(d, 1H) , 7.81 (d, 2H) , 7.6(m, 9H) , 6.8(m, 
8H), 6.58 (d, 2H), 6.12 (s, 2H) , 5.60(s, 2H) , 5.21 (br, 2H) , 4.28 (t, 
10 4H), 3.58 (m, 4H) , 1.96(s, 6H) . 

Elementary analysis Calcd: C 56.62, H 4.25, N 7.02. 

Found: C 56.38, H 4.02, N 6.72. 




OH 

Ir (4-HO-PPy) 2 (PPy) 




Ir(4-MOI-PPy) 2 (PPy) 

■ 4 
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Example 29 : Synthesis of Ir(3-MA-PPy) (PPy) 2 polymer 

In a reactor were charged 1.11 g {1.5 mmol) of Ir(3-MA- 
PPy) (PPy) 2 complex synthesized in Example 25, 0.010 g (O.OSlmmol) 
5 of 2,2 f -azobis(isobutyronitrile) (AIBN) , and 10 ml of butyl 
acetate and the atmosphere was exchanged with nitrogen. 
Thereafter, the mixture was allowed to react at 80°C for 10 hours 
(cf . Reaction Scheme below) • After completion of the reaction, 
the reaction mixture was dripped into acetone to perform 
10 reprecipitation and the resultant polymer was recovered by 
filtration. A procedure of reprecipitation by dripping a 
chloroform solution of the recovered polymer into methanol was 
further repeated 2 times to purify the polymer, which was then 
recovered and dried in vacuum to afford 0.92 g of the objective 

15 Ir(3-MA-PPy) (PPy) 2 polymer as powder. The elementary analysis 1 

I 

of C, H, N of the obtained polymer indicated that the polymer had 
the same composition as Ir (3-MA-PPy) (PPy) 2 . The weight average 
molecular weight of the polymer was 12, 000 in terms of polystyrene 
(GPC measurement, eluent : THF) . 
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Example 30 : Synthesis of Ir (3-MOI-PPy) (PPy) 2 polymer 

In a reactor were charged 1.11 g (1.5 mmol) of Ir(3- 
5 MOI-PPy) (PPy) 2 complex synthesized in Example 26, 0.010 g (0.061 
mmol) of 2,2 , -azobis (isobutyronitrile) (AIBN) , and 10 ml of butyl 
acetate and the atmosphere was exchanged with nitrogen. 
Thereafter, the mixture was allowed to react at 80°C for 10 hours 
(cf . Reaction Scheme below) . After completion of the reaction, 

10 the reaction mixture was dripped into acetone to perform 
reprecipitation and the resultant polymer was recovered by 
filtration. A procedure of reprecipitation by dripping a 
chloroform solution of the recovered polymer into methanol was 
further repeated 2 times to purify the polymer, which was then 

15 recovered and dried in vacuum to afford 1.02 g of the objective 
Ir (3-MOI-PPy) (PPy) 2 polymer as powder. The elementary analysis 
of C, H, N and Ir of the obtained polymer indicated that the polymer 

. * 
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had substantially the same composition as Ir (3-MOI-PPy) (PPy) 2 * 
The weight average molecular weight of the polymer was 20,000 in 
terms of polystyrene (GPC measurement, eluent : THF) . 

/ ? H 3 \ 




Example 31 : Synthesis of Ir(3-MA-PPy) (3-PrCO-PPy) 2 polymer 

In a reactor were charged 2.22 g (2.5 mmol) of Ir(3-MA- 
PPy) (3-PrCO-PPy) 2 complex synthesized in Example 1, 0.010 g (0.061 
mmol) of 2,2 f -azobis (isobutyronitrile) (AIBN) , and 30ml of butyl 
10 acetate and the atmosphere was exchanged with nitrogen. 

Thereafter, the mixture was allowed to react at 80°C for 10 hours 
(cf . Reaction Scheme below) . After completion of the reaction, 
the reaction mixture was dripped into acetone to perform 
reprecipitation and the resultant polymer was recovered by 
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filtration. A procedure of reprecipitation by dripping a 
chloroform solution of the recovered polymer into methanol was 
further repeated 2 times to purify the polymer, which was then 
recovered and dried in vacuum to afford 1.85 g of the objective 
5 Ir(3-MA-PPy) (3-PrCO-PPy) 2 polymer as powder. The elementary 
analysis of C, H, N of the obtained polymer indicated that the 
polymer had the same composition as Ir(3-MA-PPy) (3-PrC0-PPy) 2 . 
The weight average molecular weight of the polymer was 8,000 in 
terms of polystyrene (GPC measurement, eluent : THF) . 




10 Ir(3-MA-PPy) (3-PrCO-PPy) 2 

Example 32 : Synthesis of Ir (3-MA-PPy) 3 polymer 

In a reactor were charged 2.28 g (2.5 mmol) of the 
Ir (3-MA.-PPy) 3 complex synthesized in Example 12, 0.010 g (0.061 
15 mmol) of 2, 2'-azobis (isobutyronitrile) (AIBN) , and 30 ml of butyl 
acetate and the atmosphere was exchanged with nitrogen. 
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Thereafter , the mixture was allowed to react at 80°C for 10 hours 
(cf . Reaction Scheme below) . As a result an insoluble polymer 
precipitated. The polymer was recovered by filtration, washed 
with 100 ml of chloroform and then with 100 ml of methanol/ and 
5 dried under vacuum to obtain 2.10 g of the objective Ir(3-MA- 
PPy)a polymer as powder. Elementary analysis of C, H and N of 
the obtained polymer supported for its having substantially 
identical composition with that of Ir (3-MA-PPy) 3 . The polymer 
was deemed to have a crosslinked structure and was insoluble in 
10 most of common organic solvents so that it was impossible to 
measure its molecular weight by GPC. 




Example 33 : Synthesis of Ir (3-MOI-PPy) (3-PrCO-PPy} 2 polymer 
In a reactor were charged 2.43 g (2.5 mmol) of Ir{3- 
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MOI-PPy) (3-PrCO-PPy) 2 complex synthesized in Example 3, 0.010 g 
(0.061 mmol) of 2,2 f -azobis (isobutyronitrile) (AIBN) , and 30 ml 
of butyl acetate and the atmosphere was exchanged with nitrogen. 
Thereafter, the mixture was allowed to react at 80°C for 10 hours 
(cf . Reaction Scheme below) ■. After completion of the reaction, 
the reaction mixture was dripped into acetone to perform 
reprecipitation and the resultant polymer was recovered by 
filtration. A procedure of reprecipitation by dripping a 
chloroform solution of the recovered polymer into methanol was 
further repeated 2 times to purify the polymer, which was then 
recovered and dried in vacuum to afford 2.05 g of the objective 
Ir (3-MOI-PPy) (3-PrCO-PPy) 2 polymer as powder. The elementary 
analysis of C, H, Nof the obtained polymer supported for its having 
substantially the same composition as that of Ir(3-MOI- 
PPy) (3-PrCO-PPy) 2 . The weight average molecular weight of the 
polymer was 18,000 in terms of polystyrene (GPC measurement, 
eluent : THF) . 
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o o 

4 

Ir (3-MOI-PPy) (3-PrCO-PPy) 2 



Example 34 : Synthesis of Ir (3-MOI-PPy) 2 (3-PrCO-PPy) polymer 



In a reactor were charged 2.46 g (2.5 mmol) of Ir(3- 

5 MOI-PPy) 2 (3-PrCO-PPy) complex synthesized in Example 13, 0.01o| 

i 

g (0.061 mmol) of 2, 2 f -azobis (isobutyronitrile) (AIBN) / and 30| 
ml of butyl acetate and the atmosphere was exchanged with nitrogen . 



Thereafter, the mixture was allowed to react at 80°C for 10 hours 



(cf . Reaction Scheme below) . As a result an insoluble polymer 
10 precipitated. The polymer was recovered by filtration, washed 
with 100 ml of chloroform and then with 100 ml of methanol, and 



dried under vacuum to obtain 2.21 g of the objective Ir(3- 
MOI-PPy) 2 (3-PrCO-PPy) polymer as powder. Elementary analysis of 



C, H and N of the obtained polymer supported for its having 
15 substantially the same composition as that of Ir(3-MOI- 
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PPy) 2 (3-PrCOPPy) . The polymer was deemed to have a crosslinked 
structure and was insoluble in most of common organic solvents 
so that it was impossible to measure its molecular weight by GPC. 



ch 3 o 
i 3 a 

CH 2 =C-C0CH 2 CH 2 NHC0, 
II 
0 



CH 3 O 
I D 
CH 2 =C-COCH 2 CH 2 NHCO 
z H 22 

O 




OCCELCH, 
II 2 3 
O 



Ir (3-MOI-PPy) 2 (3-PrCO-PPy) 




OCCH9CH3 
II 2 3 

o 



Example 35 : Synthesis of Ir(3-MA-PPy) (3-PrCO-PPy) 2 /Ir (3-MA- 
PPy) 3 copolymer 

In a reactor were charged 1.11 g (1.25 mmol) of Ir(3- 
Mft.-PPy) (3-PrCO-PPy) 2 complex synthesized in Example 1, 1.14 g 
(1.25 mmol) of Ir (3-MA-PPy) 3 complex synthesized in Example 12, 
0.010 g (0.061 mmol) of 2, 2 f -azobis (isobutyronitrile) (AIBN) / and 
30 ml of butyl acetate and the atmosphere was exchanged with 
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nitrogen. Thereafter, the mixture was allowed to react at 80°C 
for 10 hours (cf . Reaction Scheme below) . As a result an insoluble 
polymer precipitated. The polymer was recovered by filtration, 
washed with 100 ml of chloroform and then with 100 ml of methanol, 

■ 

5 and dried under vacuum to obtain 2.05 g of the objective 
Ir(3-MA-PPy) (3-PrCO-PPy) a /Ir (3-MA-PPy) 3 copolymer as powder. 
Elementary analysis of C, H and N of the obtained copolymer 
supported for the polymerization of Ir (3-MA.-PPy) (3-PrCO-PPy) 2 
with Ir (3-MA-PPy) 3 in a molar ratio of 1:1. The copolymer was 
10 deemed to have a crosslinked structure and was insoluble in most 
of common organic solvents so that it was impossible to measure 
its molecular weight by GPC. 
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Ir (3-MA-PPy) (3-PrCO-PPy) 2 Ir (3-MA-PPy) 3 




Example 36 : Synthesis of Ir (3-MOI-PPy) (3-PrCO-PPy) 2 /Ir (3- 
MOI-PPy) 2 (3-PrCO-PPy) copolymer 

In a reactor were charged 1.21 g (1.25 mmol) of Ir(3- 

MOI-PPy) (3-PrCO-PPy) 2 complex synthesized in Example 3, 1.23 g 

» 

(1.25 mmol) of Ir (3-MOI-PPy) 2 (3-PrCO-PPy) complex synthesized in 
Example 13, 0.010 g (0.061 mmol) of 2, 2 '-azobis (isobutyro- 
nitrile) (AIBN) , and 30 ml of butyl acetate and the atmosphere 
was exchanged with nitrogen . Thereafter, the mixture was allowed 
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to react at 80°C for 10 hours {cf. Reaction Scheme below). As 
a result an insoluble polymer precipitated. The polymer was 
recovered by filtration, washed with 100 ml of chloroform and then 
with 100 ml of methanol, and dried under vacuum to obtain 2.18 
5 g of the objective Ir (3-MOI-PPy) (3-PrCO-PPy) 2 /Ir (3-M0I- 
PPY) 2 (3-PrCO-PPy) copolymer as powder. Elementary analysis of 

■ 

C, H and N of the obtained copolymer supported for the 
polymerization of Ir (3-MOI-PPy) (3-PrCO-PPy) 2 with Ir(3-M0I- 
PPy) 2 (3-PrCO-PPy) in a molar ratio of 1:1. The copolymer was 
10 deemed to have a crosslinked structure and was insoluble in most 
of common organic solvents so that it was impossible to measure 
its molecular weight by GPC. 

i 
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Ir(3-M0I-PPy) (3-PrCO-PPy) 2 Ir (3-MOI-PPy) 2 (3-PrCO-PPy) 




Example 37 : Synthesis of a polymerizable compound (8-nonen 
2,4-dionato) bis (2-phenylpyridine) Iridium (III) (hereinafte 
abbreviated as Ir (PPy) 2 (1-Bu-acac) ) 

As shown in the Reaction Scheme below, di (n 

■ 
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■ 

chloro) tetrakis (2-phenylpyridine) diiridium (III) (hereinafter 
abbreviated as [Ir (PPy) 2 Cl] 2 ) synthesized by a conventional 
method and 8-nonen-2, 4-dione synthesized by the known method (H. 
Gerlach et al., Helv. Chim. Acta, £Q, 638 (1977)) were allowed 
5 to react to synthesize Ir (PPy) 2 (1-Bu-acac) . 

That is, 261 mg (0.24 mmol) of [Ir (PPy) 2 Cl] 2 was suspended 
in 30 ml of nitrogen-purged methanol and 87 mg (0.56 mmol) of 
8-nonen-2, 4-dione and 76 mg (0.75 mmol) of triethylamine were 
added thereto, and the obtained mixture was heated under reflux 
10 in an oil bath for 3 hours. The obtained pale yellow reaction 
mixture was cooled to room temperature and concentrated by using 

» 

a rotary evaporator. Then, 200 ml of dilute hydrochloric acid 
solution and 50 ml of chloroform were added to the reaction mixture 
and the obtained mixture was stirred vigorously. The chloroform 

15 layer was separated and dried over magnesium sulfate and the 
solvent was distilled off under reduced pressure. The obtained 
yellow residue was dissolved in dichloromethane and the solution 
was subjected to silica gel column chromatography to separate a 
pale yellow main product. A solution of the product was 

20 concentrated under reduced pressure and then a small amount of 
hexane was added thereto, followed by cooling to -20°C to obtain 
270 mg (0.41 mmol) of the objective Ir (PPy) 2 (1-Bu-acac) as pale 
yellow crystal (yield: 85%) . Identification was performed by 
elementary analysis of C, H and N and ^-NMR. 
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1 H-NMR (CDC1 3/ ppm) : 6 8.49 (d, J=5.7Hz, 2H, PPy) ,7.83 (t, J=7.8Hz, 
2H, PPy) , 7.70 (m, 2H, PPy), 7.54 (t, J=6.8Hz, 2H, PPy), 7.10 (m, 
2H, PPy), 6.80 (t, J=7.3Hz, 2H, PPy), 6.68 (m, 2H, PPy), 6.35 (d, 
J=6.2Hz, 1H, PPy), 6.25 (d, J=6.2Hz, 1H, PPy), 5.61 (m, 1H, - 
CH=CH 2 ), 5.19 (s, 1H, di ketonate-me thine ) , 4.86 (m, 2H, -CH=CH 2 ) , 
1.99 (t, J=7.3Hz, 2H, methylene), 1.79 (s, 3H, CH 3 ) , 1.72 (m, 2H, 
methylene), 1.38 (m, 2H, methylene). 

Elementary analysis Calcd: C 56.95; H 4.47, N 4.28. (C 31 H„IrN 2 0 2 ) 

Found: C 55.84, H 4.32, N 3.97. 




[Ir(PPy) 2 Cl] 2 




Ir (PPy) 2 ( 1-Bu-acac) 



Example 38 : Synthesis of a polymerizable compound [6-(4- 
vinylphenyl) -2, 4-hexanedionato]bis (2-phenylpyridine) iridium 



- 215 - 



I 
I 

\ ■ 

WO 03/001616 PCT/JP02/06139 

(III) (hereinafter abbreviated as Ir (PPy) 2 [1- (St-Me) -acac] ) 
(1) As shown in the Reaction Scheme below, acetylacetone and 
4-vinylbenzyl chloride were allowed to react to synthesize 6- 
(4-vinylphenyl) -2, 4-hexanedione 
5 That is, 1.23 g (60% in oil) (31 mmol) of sodium hydride 

• « 

was weighed in a nitrogen atmosphere and 60 ml of dry 
tetrahydrofuran (hereinafter abbreviated as THF) was added 
thereto and the mixture was cooled to 0°C in an ice bath. To the 
suspension was dripped a mixed solution of 2.5 g (24 mmol) of 
10 acetylacetone and 1 ml of hexamethyl phosphoric triamide to 

produce colorless precipitate. After stirring the mixture at 0°C 
for 10 minutes, 17.5 ml (28 mmol) of a hexane solution (1.6 M) 
of n-butyl lithium was dripped therein to dissolve the precipitate 

and the mixture was further stirred at 0°C for 20 minutes. To 1 

■ i 

■ 

15 the obtained pale yellow solution was dripped 4.0 g (26 mmol) of j 
4-vinylbenzyl chloride and the reaction mixture was warmed back 
to room temperature and stirred for 20 minutes. Then, dilute 
hydrochloric acid was added thereto to render the water layer 
acidic. The organic layer was washed with saturated sodium 

20 chloride solution and dried over magnesium sulfate, and the 
solvent was distilled off by using a rotary evaporator. The 
obtained reaction mixture was charged in a silica gel column and 
developed with a mixed solvent of hexane/dichloromethane (1:1 (by 
volume) ) to separate a main product. Distilling off the solvent 

- 216 - 



WO 03/001616 PCT/JP02/06139 



from the obtained solution afforded 3.0 g (14 mmol) of the 
objective 6- (4-vinylphenyl) -2, 4-hexanedione as a brown liquid. 
Yield was 56%. Identification was performed by elementary 
analysis of C and H, and X H-NMR. 
5 X H-NMR (CDC1 3/ ppm) : 

enol; 5 7.33 (d, J=8.1Hz, 2H, aromatic), 7.14 (d, J=8.4Hz, 2H, 
aromatic), 6.68 (dd, J=8.1Hz, 1H, vinylic) , 5.70 (d, J=17.0Hz / 
1H, vinylic), 5.46 (s, 1H, di ketonate-me thine ) , 5.20 (d, J=ll.lHz, 
1H, vinylic), 2.91 (t, J=5.7Hz, 2H, methylene), 2.58 (t, J=7.3Hz, 
10 2H, methylene), 2.03 (s, 3H, methyl). 

keto; 5 7.33 (d, J=8.1Hz, 2H, aromatic), 7.14 (d, J=8.4Hz, 2H, 
aromatic), 6.68 (dd, J=8.1Hz, 1H, vinyl ic ) , 5.70 (d, J=17.0Hz, 
1H, vinylic), 5.20 (d, J=ll.lHz, 1H, vinylic) , 3. 53 (s, 2H, 
C (=0) CH 2 C (=0) ) , 2.89 (m, 4H, ethylene), 2.19 (s, 3H, methyl). 
15 enol : keto =6:1. 

Elementary analysis Calcd: C 77.75, H 7.46. (C 14 H 9 0 2 ) 

Found: C 77.49, H 7.52. 




NaH, n-BuLi 



YY • 

0 0 THF 




0 0 



(2) As shown in the Reaction Scheme below, 6- (4- 
20 vinylphenyl) -2, 4-hexanedione thus obtained and [Ir (PPy) 2 Cl] 2 
synthesized by a conventional method were allowed to react to 

■ * 
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synthesize Ir (PPy) 2 [l-(St-Me)-acac] . 

That is , to a solution of 342 mg (0.32 mmol) of [Ir (PPy) 2 Cl] 2 / 
158 mg (1.5 mmol) of sodium carbonate and 5 mg (0.023 mmol) of 
2, 6-di-tert-butyl-4-methylphenol in 5 ml of N,N- 
5 dimethylformamide (hereinafter, abbreviated as DMF) was added 210 
mg (0.97 mmol) of 6- (4-vinylphenyl) -2, 4-hexanedione and the 
mixture was heated at 65°C with stirring. Then, the reaction 
mixture was cooled to room temperature and dilute hydrochloric 
acid solution was added thereto, followed by extracting a 

10 component having a pale yellow color with chloroform. After 
distilling off the solvent by using a rotary evaporator, the 
residue was dissolved in a small amount of dichloromethane and 
subjected to silica gel column chromatography (eluent : 
dichloromethane) to separate a yellow main product . The solution 

15 was concentrated to dryness under reduced pressure and 

' i- 

dichloromethane /hexane mixed solvent was added to the residue to 
perform recrystallization at -20°C, which afforded 354 mg (0.49 
mmol) of the objective Ir (PPy) 2 [1- (St-Me) -acac] as pale yellow 
crystal. Yield: 78%. Identification was performed by 
20 elementary analysis of C, H and N and ^-NMR. 

'H-NMR (CDC1 3 , PPm) : 5 8.47 (d, J=5.7Hz, 1H, PPy) , 8.21 (d, J=5.7Hz, 
1H, PPy), 7.9 - 7.5 (m, 6H, PPy), 7.18 (d, J=8.1Hz, 2H, 
stylyl-aromatic) , 7.00 (m, 2H, PPy), 6.89 (d, J=8.1Hz, 2H, 
stylyl-aromatic) , 6.75 (m, 5H, PPy and vinylic) , 6.28 (t, J=7.3Hz, 
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2H, PPy), 7.67 (d, J=17.6Hz, 1H, vinylic) , 5.19 (d, J=9.5Hz, 1H, 

■ 

vinylic), 5.17 (s, 1H, diketonate-me thine) , 2.60 (t, J=7.3Hz, 2H, 
ethylene), 2.36 (m, 2H, ethylene), 1.75 (s, 3H, methyl). 
Elementary analysis Calcd: C 60.40, H 4.36, N 3.91. (C 36 H 31 IrN 2 0 2 ) 

Found: C 61.35, H 4.34, N 3.83. 




Ir (PPy) 2 [ 1- (St-Me) -acac] 



Example 39 : Synthesis of a polymerizable compound (9- 
acryloyloxy-2, 4-nonanedionato)bis (2-phenylpyridine) iridium 
(III) (hereinafter abbreviated as Ir (PPy) 2 [1- (A-Bu) -acac] ) 
(1) As shown in the Reaction Scheme below, (9-hydroxy-2, 4- 
nonanedionatojbis (2-phenylpyridine) iridium (III) (hereinafter 
abbreviated as Ir (PPy) 2 [l-(OH-Bu) -acac]) was synthesized by a 
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conventional method, 

■ 

That is, to a solution of 167 mg (0.276 mmol) of 
Ir (PPy) 2 (1-Bu-acac) synthesized in the same manner as in Example 
37 in 10 ml of THF was dripped 1 . 0 ml (0.5 mmol) of 0 . 5 M THF solution 
5 of 9-borabicyclo[3.3.1]nonane (hereinafter abbreviated as 9- 
BBN) and the solution was heated under reflux for 25 minutes . Then, 
to the reaction mixture were added 0.2 ml (0.60 mmol) of a 3M 
aqueous NaOH solution and 0.060 ml (0.62 mmol) of a 35% 
solution in the order cited, and the mixture was stirred at room 

10 temperature for 12 hours. Then, 20 ml of water was added thereto 
and the mixture was concentrated by using a rotary evaporator. 
After adding chloroform and well shaking, the organic layer was 
concentrated to dryness under reduced pressure. The obtained 
yellow solid was dissolved in a small amount of dichloromethane 

15 and the solution was charged in a silica gel column followed by 
flowing dichloromethane therethrough to remove eluted impurities . 
Subsequently, flowing a dichloromethane/ethyl acetate mixed 
solvent of 1:1 (by volume ratio) resulted in elution of a pale 
yellow complex, which was recovered and dried under reduced 

20 pressure, followed by recrystallization of the residue from 
dichloromethane/hexane mixed solution at -20°C to obtain 23 mg 
(0.034 mmol) of Ir (PPy) 2 [1- (OH-Bu) -acac] as pale yellow solid. 
Yield: 13%. Identification was performed by elementary analysis 
of C, H and N and ^-NMR. . 
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■ ♦ 

1 H-NMR (CDC1 3/ ppm) : 6 8.50 (d, J=5.9Hz, 2H, PPy) ,7.82 (t, J=7.0Hz, 
2H, PPy) , 7.72 (t, J=7.3Hz / 2H, PPy), 7.55 (t, J=7.0Hz, 2H, PPy), 
7.12 (t, J=5.9Hz, 2H, PPy), 6.81 (t, J=7.6Hz, 2H, PPy), 6.69 (t, 
J=7.3Hz, 2H, PPy), 6.31 (d, J=5.9Hz, 1H, PPy), 6.26 (d, J=5.9Hz, 
1H, PPy), 5.19 (s, 1H, diketonate-methine) , 3.44 (t, J=7.0Hz, 2H, 
CH 2 OH), 1.98 (t, J=7.0Hz, 2H, methylene), 1.79 (s, 3H, methyl), 
1.34 (m, 4H, methylene), 1.05 (m, 2H, methylene). 
Elementary analysis Calcd: C 55.42, H 4.65, N 4 .17. (CjiHsilrNjOa) 

Found: C 55.76, H 4.71, N 4.19. 




Ir(PPy) 2 (l-Bu-acac) Ir (PPy) 2 (1- (OH-Bu) -acac) 

♦ 

(2) As shown in the Reaction Scheme below, Ir (PPy) 2 [1- (OH- 
Bu) -acac] and acryloyl chloride were allowed to react to 
synthesize Ir (PPy) 2 [1- (A-Bu) -acac] . 

That is, to a solution of 95 mg (0.14 mmol) of 
Ir (PPy) 2 [1- (OH-Bu) -acac] in 10 ml of dichloromethane was added 
0.10 ml (0.72 mmol) of triethylamine. To this solution was added 
0.060 ml (0.74 mmol) of acryloyl chloride and the mixture was 
stirred at room temperature for 30 minutes. Then, after adding 
1 ml of methanol to the mixture, the solvent was distilled under 
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reduced pressure and the residue was passed through a silica gel 
column (eluent : dichlorome thane) and an initially eluted yellow 
solution was separated and concentrated to dryness under reduced 
pressure. Recrystallization of the residue from 

5 dichloromethane/hexane mixed solvent at -20°C afforded 99 mg (0 . 14 
mmol) of the objective Ir (PPy) 2 [l- (A-Bu)-acac] as pale yellow 
solid. Yield: 96%. Identification was performed by elementary 
analysis of C, H and N and 1 H-NMR. 

^-NMR (CDCI3, ppm) : 5 8.50 (d, J=5.9Hz, 2H, PPy) , 7.80 (m, 4H, 
10 PPy), 7.51 (t, J=7.3Hz, 2H, PPy), 7.18 (t, J=5.9Hz, 2H, PPy), 6.84 
(t, J=7.3Hz, 2H, PPy), 6.70 (t, J=7.6Hz, 2H, PPy), 6.25 (m, 3H, 
PPy + vinylic) , 6.12 (dd, J=15.6, 9.3Hz, 1H, vinylic) , 5.75 (d, 
J=9.3Hz, 1H, vinylic), 5.17 (s, 1H, dike tonate-me thine) , 4.05 (t, 
J=7.0Hz, 2H, -COOCH 2 -), 1.84 (t, J=7.0Hz, 2H, methylene), 1.80 
15 (s, 3H, methyl), 1.34 (m, 4H, methylene), 1.06 (m, 2H, methylene) .' 

i- 

Elementary analysis Calcd: C 56.26, H 4.58, N 3. 86. (C 34 H 3 jIrN 2 0 4 ) 

Found: C 56.55, H 4.53, N 3.60. 

0 




Ir (PPy) 2 [1- (OH-Bu) -acac] Ir (PPy) 2 [1- (A-Bu) -acac] 
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■ 

Example 40 : Synthesis of a polymerizable compound {l-[4-(2- 
methacryloyloxy) ethylcarbamoyloxyphenyl] -3-phenyl-l, 3- 
propane-dionato]bis (2-phenylpyridine) iridium (III) 
(hereinafter abbreviated as Ir (PPy) 2 (MOI-Ph-acac) ) 
5 (1) As shown in the Reaction Scheme below, di (fi-chloro) - 
tetrakis (2-phenylpyridine) diiridium (III) ( [Ir (PPy) 2 Cl] 2 ) 
synthesized by a conventional method and p-hydroxy- 
dibenzoylmethane synthesized by referencing the known method (M. 
Cushman et al., Tetrahedron Lett . , 21, 6497 (1990)) were allowed 

10 to react to synthesize [1- (4-hydroxyphenyl) -3-phenyl-l, 3- 
propane-dionato]bis (2-phenylpyridine) iridium (III) 
(hereinafter abbreviated as Ir (PPy) 2 (OH-Ph-acac) ) . 

That is , 112 mg (0.10 mmol) of [Ir (PPy) 2 C1] 2 , 64 mg (0.60 
mmol) of sodium carbonate and 76 mg (0.32 mmol) of p- 

15 hydroxydibenzoylmethane were dissolved in 10 ml of DMF and the 
solution was heated at 60°C for 0.5 hour with stirring. The 
obtained reaction mixture was poured into 100 ml of dilute 
hydrochloric acid solution and the iridium complex was extracted 
with chloroform. The chloroform was distilled off by using a 

i 

20 rotary evaporator and the residue was dissolved in a small amo unt 
of dichloromethane and charged in a silica gel column. 
Development with a mixed solvent of dichloromethane/ acetone of 
30: 10 (by volume ratio) resulted in elution of a component having 
an orange color , which was recovered and concentrated to dryness 

- 

■ » 

* - 
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Tinder reduced pressure. The obtained solid was dissolved in a 
small amount of diethyl ether and hexane was added thereto. The 
precipitate was collected by filtration and dried under reduced 
pressure to obtain 111 mg (0.15 mmol) of the objective 
5 Ir (PPy) 2 (0H-Ph-acac) as orange solid. Yield: 72%. . 

Identification was performed by elementary analysis of C, H and 
N and l H-NMR. 

^-NMR (CDC1 3/ ppm) : 5 8.58 (d, 2H, PPy) , 7.9 - 6.7 (m, 21H, PPy 
+ phenyl), 6.52 (s, 1H, diketonate-methine) , 6.37 (d, 2H, PPy), 
10 4.91 (s, 1H, OH). 

Elementary analysis Calcd: C 60.07, H 3.68, N 3.79. (C 37 H 27 IrN 2 0 3 ) 

Found: C 60.77, H 3.75, N 3.62. 




Ir (PPy) 2 (OH-Ph-acac) 
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(2) As shown in the Reaction Scheme below, the obtained 
Ir (PPy) 2 (OH-Ph-acac) and 2-methacryloyloxyethyl isocyanate 
(Trade name "Karenz MOI", manufactured by Showa Denko K. K., 
hereinafter sometimes referred to as *MOI") were allowed to react 
5 to synthesize Ir (PPy) 2 (MOI-Ph-acac) . 

That is, to a solution of 110 mg (0.15 mmol) of 
Ir (PPy) 2 (OH-Ph-acac) in 50 ml of toluene were added 5 mg (0.023 
mmol) of 2, 6-di-tert-butyl-4-methylphenol (hereinafter 
abbreviated as BHT) , 32 mg (0.051 mmol) of dibutyltin (IV) 

10 dilaurate (hereinafter abbreviated as DBTL) andl21mg (0.78mmol) 
of MOI and the mixture was heated at 70°C for 6 hours with stirring. 
The obtained reaction mixture was air-cooled to room temperature 
and charged in a silica gel column/ followed by development of 
the column with a mixed solvent of dichloromethane/acetone of 20: 1 

15 (by volume ratio), resulting in elution of an orange-colored 

i- 

compound. The solution containing the compound was concentrated 
to dryness under reduced pressure by using a rotary evaporator 
and the obtained solid was dissolved in a small amount of 
dichloromethane. Slowly adding hexane to the dichloromethane 
20 solution resulted in deposition of an orange-colored precipitate, 
which was collected by filtration and dried under reduced pressure 
to obtain 100 mg (0.11 mmol) of the objective Ir (PPy) 2 (MOI- 
Ph-acac) as orange-colored solid. Yield: 75%. Identification 
was performed by elementary analysis of C, H and N and l H-NMR. 
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■ ■ 

1 H-NMR (CDC1 3 , ppm) : 6 8.60 (d, 2H, PPy), 7.9-6.7 (m, 21H, PPy 
and phenyl), 6.56 (s, 1H, diketonate-methine) , 6.39 (d, 2H, PPy), 
6.18 (s, 1H, olefinic), 5.65 (s> 1H, olefinic), 5.29 (s, 1H, NH) , 
4.31 (t, 2H, ethylene), 3.59 (t, 2H, ethylene), 2.00 (s, 3H, 
methyl) . 

Elementary analysis Calcd: C 59.05, H 4.05, N 4 .70. (C 44 H3 6 IrN 3 p e ) 

Found: C 59.79, H 4.05, N 4.64. 

■ 

OH O 

(MOI) 




Ir (PPy) 2 (OH-Ph-acac) 

H O 




Ir ( PPy) 2 (MOI-Ph-acac) 



Example 41 : Synthesis of a polymerizable compound [6-(4- 
methacr yloyloxyphenyl ) -2, 4-hexanedionato]bis (2- 

■ 
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* ■ 

phenylpyridine) iridium (III) (hereinafter abbreviated as 
Ir (PPy) 2 [1- (MA-Ph-Me) -acac] ) 

(1) As shown in the Reaction Scheme below, acetylacetone and 
4-benzyloxybenzyl iodide synthesized by the known method (C. 
5 Cativiela, et al. , J. Org. Chem., £fl, 3074 (1995) ) were allowed 
to react to synthesize 6- (4-benzyloxyphenyl) -2, 4-hexanedione. 

That is, 0.30 g (60% in oil) (7.5 mmol) of sodium hydride 
was weighed in a nitrogen atmosphere and 20 ml of THF was added 
thereto and the mixture was cooled to 0°C in an ice bath. To the 
10 suspension was dripped a mixed solution of 0.75 g (7.5 mmol) of. 
acetylacetone and 0.5 ml of hexamethyl phosphoric triamide to 

* 

produce colorless precipitate. After stirring the mixture at 0°C 
for 10 minutes, 4.6 ml (7.5 mmol) of a hexane solution (1.6 M) 
of n-butyllithium was dripped therein to dissolve the precipitate 

15 and the mixture was further stirred at 0°C for 20 minutes. To 
the obtained pale yellow transparent solution was dripped a 
solution of 2.28 g (7.0 mmol) of 4-benzyloxybenzyl iodide in 10 
ml of THF. After stirring the reaction mixture at room 
temperature for 1 hour, it was cooled again to 0°C. Then, dilute 

20 hydrochloric acid was added thereto to neutralize it. After 
washing the organic layer with a saturated aqueous solution of 
sodium chloride, the solvent was distilled off by using a rotary 
evaporator. The residue was passed through a silica gel column 
(eluent : a mixed solvent of dichloromethane/hexane of 1:1 (by 
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volume ratio)) to separate a main product. Separation of this 

and concentration to dryness under reduced pressure afforded 1.31 

g (4.4 mmol) of the objective 6- (4-benzyloxyphenyl) -2, 4- 

hexanedione as pale yellow solid. Yield: 63%. Identification 
5 was performed by elementary analysis of C and H, and ^-NMR. 

X H-NMR (CDC1 3/ ppm) : 
enol: 5 7.5-6.8 (m, 9H/ aromatic) / 5.46 (s, 1H, eriol-methine) , 

5.04 (s, 2H, -0-CH 2 -), 2.88 (t, J=7.6Hz, 2H, ethylene), 2.55 (t, 

J«8.4Hz, 2H, ethylene), 2.04 (s, 3H, methyl). 
10 keto; 5 7.5- 6.8 (m, 9H, aromatic), 5.04 (s, 2H, -0-CH 2 -), 3.53 

(s, 2H, C(=O)CH 2 C(=0) ), 2.84 (m, 4H, ethylene), 2.19 (s, 3H, 

methyl) . 

eriol : keto = 5:1. 

Elementary analysis Calcd: C 77.00, H 6.86. (C 19 H 20 O 3 ) , 
15 Found: C 77.46, H 6.77. 

i 

1) NaH 

2) n-BuLi 




(2) As shown in the Reaction Scheme below, the obtained 6- 
(4-benzyloxyphenyl) -2, 4-hexanedione was hydrogenated to produce 
6- (4-hydroxyphenyl) -2, 4-hexanedione . 
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That is, 1.5 g of Pd-activated carbon (10%) was weighed in 
a nitrogen atmosphere and 20 ml of dichloromethane and 1.31 g (4.4 
mmol) of 6- (4-benzyloxyphenyl) -2, 4-hexanedione were added 

- 

thereto • The atmosphere in the reaction system was exchanged with 
5 hydrogen at 1 atm and stirred at room temperature for 11 hours. 
The obtained reaction mixture was filtered to remove insoluble 
matter and the solvent was distilled off under reduced pressure. 
The residue was charged in a silica gel column and developed first 
with dichloromethane to remove byproducts . Subsequently, a 

10 solution containing a compound eluted from the column with a mixed 
solvent of 1:1 (by volume ratio) acetone/hexane was concentrated 
to dryness under reduced pressure to obtain 0.70 g (3.4 ramol) of 
the objective 6- (4-hydroxyphenyl) -2, 4-hexanedione as pale 
yellow solid. Yield: 77%. Identification was performed by, 

15 elementary analysis of C and H, and 2 H-NMR. 

• . i 

H-NMR (CDC1 3 , ppm) : 

enol: 5 7.04 (d, J=8.4Hz, 2H, aromatic), 6.65 (d, J=8.4Hz / 2H, 
aromatic), 5.55 (br, 1H, OH), 5.47 (s, 1H, enol-methine) , 2.86 
(t, J=7.3Hz, 2H, ethylene), 2.55 (t, J=7.3Hz, 2H, ethylene), 2.04 
20 (s, 3H, methyl) . 

keto: 5 7.04 (d, J=8.4Hz, 2H, aromatic), 6.65 (d, J=8.4Hz / 2H f 
aromatic), 5.55 (br, 1H, OH), 3.55 (s, 2H, C (=0) CH 2 C (=0) ) , 2.83 
(m, 4H, ethylene) , 2.19 (s, 3H, methyl). 

enol : keto =5:1. 
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Elementary analysis Calcd: C 69.88, H 6.84. (C 12 H 14 0 3 ) 

Found: C 69.67, H 6.79. 




(3) As shown in the Reaction Scheme below, the obtained 6- 
5 (4-hydroxyphenyl)-2,4-hexanedione was allowed to react with 
di (^-chloro) tetrakis (2-phenylpyridine) diiridium (III) 
( [Ir (PPy) 2 Cl] 2 ) synthesized by a conventional method to 
synthesize [6- (4-hydroxyphenyl) -2, 4-hexanedionato]bis (2- 

phenylpyridine) iridium (III) (hereinafter abbreviated as 
10 Ir(PPy) 2 [l- (OH-Ph-Me)-acac] ) . 

That is, to a mixture of 71 mg (0.066 mmol) of [Ir (PPy) 2 Cl] 2 
and 47 mg (0.44 mmol) of sodium carbonate was added a solution 
of 41 mg (0.20 mmol) of 6- (4-hydroxyphenyl) -2, 4-hexanedione in 
5 ml of DMF and the mixture was heated at 65°C for 1 hour with 
15 stirring. To the reaction mixture was added dilute hydrochloric 
acid and chloroform and the mixture was well shaken. The 

« 

separated organic layer was dried over magnesium sulfate and the 
solvent was distilled off under reduced pressure. The residue 
was passed through a silica gel column (eluent : a mixed solvent 
20 of 1:1 (by volume ratio) hexane/ethyl acetate) and a solution 
having a pale yellow color that eluted next to a small amount of 
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pale yellow byproduct was recovered and concentrated to dryness 
under reduced pressure. The obtained solid was dissolved in a 
small amount of dichloromethane . Addition of hexane to the 
solution and cooling it to -20°G afforded 86 mg (0.12 mmol) of 
the objective Ir (PPy) 2 [l- (OH-Ph-Me) acac] as pale yellow solid. 

Yield: 92%. Identification was performed by elementary analysis 
of C, H and N and ^-NMR. 

Hl-KMR (CDC1 3 , ppmV : 5 8.48 (d, J=6.2Hz, 1H, PPy) , 8.23 (d, J=5.9Hz, 
1H, PPy), 7.9-7.6 (m, 4H, PPy), 7.53 (t, J=7.3Hz, 2H, PPy), 7.11 
(t, J=7.0Hz, 1H, PPy), 6.99 (t, J=7.0Hz, 1H, PPy) , 6.8- 6.4 (m, 
8H, PPy + C 6 H 4 OH), 6.27 (t, J=8.1Hz, 2H, PPy) , 5.18 (s, 1H, 
diketonate-me thine), 5.10 (br, 1H, OH), 2.54 (t, J=7,0Hz, 2H, 
methylene), 2.31 (m, 2H, methylene) , 1.75 (s, 3H, methyl). 
Elementary analysis Calcd: C 57.86, H 4.14, N 3.97. (C 34 H„IrN 2 0 3 ) 

Found: C 58.03, H 4.11, N 3.86. 



- 231 - 



1 

\ 

WO 03/001616 PCT/JP02/06139 




Ir (PPy) 2 [1- (OH-Ph-Me) -acac] 

(4) As shown in the Reaction Scheme below, the Ir(PPy) 2 [l- 
( OH-Ph-Me) acac] was allowed to react with methacryloyl chloride 

to synthesize Ir (PPy) 2 [1- (MA-Ph-Me) acac] . ! 

|- 

5 That is, in a nitrogen atmosphere, 169 mg (0.24 mmol) of 

Ir (PPy) 2 [1- (OH-Ph-Me) acac] was dissolved in 10 ml of 
dichlorome thane and 0.30 ml (2.2 mmol) of triethylamine was added 
to the solution. Addition of 0.060 ml (0.61mmol) of methacryloyl 
chloride to the obtained solution rapidly produced a product. 
10 After further adding a small amount of methanol to the solution, 
the solvent was distilled off under reduced pressure. The residue 
was passed through a silica gel column with using a mixed solvent 
of hexane/dichloromethane/acetone (10 :10:1 (by volume ratio) ) to 
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separate a main product having a yellow color. After distilling 
off the solvent under reduced pressure, recrystallization of the 
residue from a mixed solvent of dichloromethane/hexane afforded 
141 mg (0.18 mmol) of the objective Ir (PPy) 2 [l- (MA-Ph-Me) acac] 
as yellow solid. Yield: 76%. Identification was performed by 
elementary analysis of C, H and N and ^-NMR. 

^H-NMR (CDC1 3/ ppm) : 6 8.48 (d, J=5.1Hz, 1H, PPy), 8.27 (d, J=5.9Hz, 
1H, PPy), 7.9-7.5 (m, 6H, PPy), 7.12 (t, J=7.0Hz, 1H, PPy), 7.04 
(t, J=7.0Hz, 1H, PPy), 6.9-6.6 (m, 8H, aromatic), 6.33 (s, 1H, 
olefinic), 6.27 (d, J=7.6Hz, 2H, PPy), 5.74 (s, 1H, olef inic) , 
5.17 (s, 1H, diketonate-methine) , 2.61 (t, J«7.0Hz, 2H, ethylene), 

► 

2.34 (m, 2H, ethylene), 2.07 (s, 3H, me thacryl -methyl) , 1.76. (s, 
3H, diketonate-methyl) . 

Elementary analysis Calcd: C 58.98, H 4.30, N 3 . 62 . (C 38 H33lrN 2 0 4 ) 

Found: C 58.69, H 4.17, N 3.81. 




o 



Ir (PPy) 2 [1- (OH-Ph-Me) -acac] ir (PPy) 2 [1- (MA-Ph-Me ) -acac] 
Example 42 : Synthesis of a polymerizable compound (1- 

■ 

- 233 - 



WO 03/001616 PCT/JP02/06139 

methacryloyloxy-2 , 4-pentanedionato ) bis ( 2- 

phenylpyridine) iridium (III) (hereinafter abbreviated as 
Ir (PPy) 2 (l-MA-acac) ) 

(1) As shown in the Reaction Scheme below, di (n-chloro) - 
5 tetrakls (2-phenylpyridine) dliridium (III) ( [Ir (PPy) 2 Cl] 2 ) 
synthesized by a conventional method and (1-tert- 
butyldimethylsilyloxy) -2, 4-pentanedione synthesized by 
referencing the known method (EP Patent No. 0514217) were allowed 
to react to synthesize (l-hydroxy-2, 4-pentanedionato) bis (2- 

10 phenyl-pyridine) iridium (III) (hereinafter abbreviated as 
Ir (PPy) 2 (l-OH-acac) ) . 

That is, to a solution of 492 mg (0,46 mmol) of [Ir (PPy) 2 Cl] 2 
and 139 mg (1.31 mmol) of sodium carbonate in 10 ml of DMF was 
added 321 mg (1 . 39 mmol) of 1- (tert-butyldimethylsilyloxy) - 

15 2, 4-pentandione (1-TBDMS0-2, 4-pentadione) and the mixture was 
heated at 70°C for 1 hour with stirring. The reaction mixture 
was cooled to room temperature and 100 ml of a saturated aqueous 
solution of ammonium chloride and 50 ml of chloroform were added 
thereto, and well shaken. The organic layer was dried over 

20 magnesium sulfate and the solvent was distilled off under reduced 
pressure . The residue was passed through a silica gel column with 
dichloromethane as an eluent to obtain a yellow solution. This 
solution was concentrated to dryness under reduced pressure to 
obtain yellow solid, which was dissolved in 20 ml of THF and 0.46 

* 

w « 

- 234 - 



i ' 
i 

-\ , • ; 

WO 03/001616 PCT/JP02/06139 

ml (0.46 mmol) of a 1.0 M THF solution of tetra-n-butylammonium 
fluoride (hereinafter abbreviated as Bu n 4 NF) was dripped thereto 
while vigorously stirring the solution. The reaction mixture was 
stirred at room temperature for 0.5 hour and then the solvent was 
5 distilled off under reduced pressure. The residue was passed 
through a silica gel column (eluent : a mixed solvent of 
hexane/dichloromethane/ acetone (1:3:1 (by volume ratio) ) and the 
eluted yellow-colored main product was recovered and dried under 
reduced pressure. Recrystallization of the obtained crude 
10 product from a mixed solvent of dichloromethane/hexane afforded 
389 mg (0.63 mmol) of the objective Ir (PPy) 2 (1-OH-acac) as yellow 

■ 

solid. Yield: 69%. Identification was performed by elementary 
analysis of C, H and N and X H-NMR. 

1 H-NMR (CDC1 3 , ppm) : 5 8.48 (d, J=5.7Hz, 1H, PPy) ,8.42 (d, J=5.7Hz, 

15 1H, PPy), 7.86 (m, 2H, PPy) , 7.74 (t, J=7.6Hz, 2H, PPy) , 7.54 (tj 

! 

J=5.9Hz, 2H, PPy), 7.14 (t, J=5.9Hz, 2H, PPy), 6.82 (t, J=7.3Hz, 
2H, PPy), 6.69 (m, 2H, PPy), 6.28 (d, J=6.8Hz, 1H, PPy), 6.23 (d, 
J=6.5Hz, 1H, PPy), 5.17 (s, 1H, diketonate-me thine) , 3.88 (dd, 
J=8.1, 5.4Hz, 1H, -CHH'-O-), 3.78 (dd, J=8.1, 4.3Hz,'lH, -CHH'-O-), 
20 3.10 (t, J=4.6Hz, 1H, OH), 1.82 (s, 3H, methyl). 

Elementary analysis Calcd: C 52.67, H 3.77, N 4 .55. (C 2 7H 2 3lrN 2 0 3 ) 

Found: C 52.45, H 3.68, N 4.79. 
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Ir(PPy)2(l-OH-acac) 



(2) As shown in the Reaction Scheme below, the obtained 
Ir (PPy) 2 (1-OH-acac) and methacryloyl chloride were allowed to 
react to synthesize Ir (PPy) 2 (1-MA-acac) . 
5 That is, to a solution of 200 mg (0,32 mmol) of 

Ir (PPy) 2 (1-OH-acac) in 15 ml of dichloromethane were added 0.25 
ml (1.8 mmol) of triethylamine and 0.20 ml (2.0 mmol) of 

■ 

methacryloyl chloride and the mixture was stirred at room 
temperature for 1 hour. Then, the reaction mixture was washed 
10 with 20 ml of an aqueous solution of sodium carbonate and the 
solvent was distilled off under reduced pressure. The residue 
was dissolved again in dichloromethane and the solution was 
charged to the upper part of a silica gel column and developed 

* 
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with a mixed solvent of hexane/dichloromethane/acetone of 2:4:1 
(by volume ratio) . The yellow solution initially obtained was 
recovered and dried under reduced pressure to obtain 165 mg (0.24 
mmol) of the objective Ir (PPy) 2 (1-MA-acac) as yellow solid. 
Yield: 74%. Identification was performed by elementary analysis 
of C, H and N and 1 H~NMR. 

^-NMR (CDC1 3 , ppm) : 5 8.53 (d, J=5.7Hz, 1H, PPy), 8.48 (d, J=5.4Hz, 
1H, PPy), 7.84 (d, J=7.8Hz, 2H, PPy), 7.73 (t, J=7.0Hz, 2H, PPy) , 
7.53 (t, J=6.8Hz, 2H, PPy), 5.14 (m, 2H, PPy) , 6.79 (m, 2H, PPy), 
6.69 (m, 2H, PPy), 6.29 (d, J=7.6Hz, 1H, PPy), 6.23 (d, J=7.6Hz, 
1H, PPy), 6.04 (s, 1H, olefinic) , 5.51 (s, 1H, olefinic), 5.31 
(s, 1H, diketonate-me thine) , 4.38 (d, J=15.4Hz, 1H, -CHH>- 
OC(=0)-), 4.27 (d, J=14.9Hz, 1H, -CHH f -OC (=0) -) , 1.87 (s, 3H, 
me thacryl -methyl) , 1. 82 (s, 3H, diketonate-methyl) . i 

Elementary analysis Calcd: C 54.45, H 3.98, N 4 . 10. (C 31 H 27 IrN 2 d 4 ) 

' • !• 
Found: C 54.18, H 3.96, N 4.33. 

0 




Ir (PPy) 2 (1-OH-acac) Ir (PPy) 2 (1-MA-acac) 
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Example 43 : Synthesis of a polymerizable compound [6-(4- 
vinylphenyl) -2, 4-hexanedionato]bis [2- (2, 4- 

difluorophenyl) pyridine] iridium (III) (hereinafter abbreviated 
as Ir(2,4-F-PPy) 2 [l-(St-Me)-acac]) 
5 (1) As shown in the Reaction Scheme below, 2- (2, 4- 
difluorophenyl) pyridine was synthesized by a conventional 
method. u 

That is, under argon stream, 8.69 g (55,0 mmol) of 2- 

•* 

bromopyridine was dissolved in 200 ml of dry tetrahydrofuran and 
10 cooled to -78°C. To this was dripped 38.7 ml (61.9 mmol) of a 
1.6 M hexane solution of n-butyllithium over 30 minutes. After 
completion of the dripping, further a solution of 7 . 5 g (55.0 mmol ) 
of zinc chloride in 50 ml of dry tetrahydrofuran was dripped over 

30 minutes. After completion of the dripping, the temperature! 

■ i 

15 of the mixture was slowly elevated to 0°C and 9.65 g (55.0 mmol) 

I 

of l-bromo-2, 4-difluorobenzene and 2.31 g (2.0 mmol) of 
tetrakis (triphenylphosphine) palladium (0) were added thereto. 
The mixture was stirred for 6 hours under reflux and then 200 ml 
of saturated saline was added to the reaction mixture, followed 
20 by extraction of the reaction mixture with diethyl ether. After 
drying the extract, concentration and purification by column 
chromatography (silica gel; chloroform/hexane (1/1: volume 
ratio)) afforded 6.00 g (31.4 mmol) of 2- (2, 4- 
difluorophenyl) pyridine as colorless transparent oil. Yield: 
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63%. Identification was performed by elementary analysis of 
^-NMR and elementary analysis of C, H and N. 

^-NMR (CDCI3, ppm) : 5 8.71 (d, 1H, J=4.6Hz), 8.00 (td, 1H, J=*8.9, 
6.5Hz) , 7.8-7.7 (m, 2H) , 7.3-7.2 (overlapped with CHG1 3/ 1H) , 
5 7.1-6.8 (m, 2H) . 

Elementary analysis Calcd: C 69.11, H 3.69, N 7.33. 

Found: C 68.98, H 3.80, N 7.31. 




(2) As shown in the Reaction Scheme below, the obtained 2- 
10 (2, 4-difluorophenyl) pyridine was allowed to react with sodium 
hexachloroiridate n-hydrate by a conventional method to 
synthesize di (n-chloro) tetrakis [2- (2, 4-difluorophenyl) - 

pyridine) diiridium (III) (hereinafter abbreviated as [Ir(2,4- 
F-PPy) 2 Cl] 2 ) . 

15 That is, 0.96 g (5.0 mmol) of 2-(2,4- 

difluorophenyl) pyridine and 1.00 g of sodium hexachloroiridate 
n-hydrate were dissolved in 40 ml of a 3:1 mixed solvent of 
2-ethoxyethanol and water (by volume ratio) and argon gas was 
blown therein for 30 minutes and the mixture was stirred for 5 

20 hours under reflux. The formed precipitate was collected by 
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filtration and washed with ethanol and then with a small amount 
of acetone, followed by drying in vacuum for 5 hours to obtain 
0.79 g (0.65 mmol) of the objective [Ir (2, 4-F-PPy) 2 C1] 2 as yellow 
powder. Yield; 86%. Identification was performed by ^-NMR and 
elementary analysis of C, H and N. 

X H-NMR (CDC1 3 , ppm) : 5 9.12(d, 4H, J=5.7Hz), 8.31 (d, 4H, J=8.6Hz), 
7.83 (dd, 4H, J=7.6, 7.6Hz) , 6.82 (dd, 4H, J=7.3, 7 .3Hz) r 6.34 (ddd, 
4H, J=11.6, 10.0, 2.4Hz), 5.29(dd, 4H, J=9.5, 2.4Hz). 
Elementary analysis Calcd: C 43.46, H 1.99, N 4.61. 

Found: C 43.39, H 2.03, N 4.55. 




(3) As shown in the Reaction Scheme below, [Ir (2, 4-F-PPy) 2 C1] 2 
and 6- (4-vinylphenyl) -2, 4-hexanedione were allowed to react to 
synthesize Ir (2, 4-F-PPy) [1- (St-Me) -acac] . 

That is, 243 mg (0.20 mmol) of [Ir (2, 4-F-PPy) 2 C1] 2 , 212 mg 

(2.00 mmol) of sodium carbonate, and 1.3 mg of 2,6-di-tert- 
butyl-4-methylphenol, and 130 mg (0.60 mmol) of 6- (4-vinyl- 
phenyl) -2, 4-hexanedione synthesized in the same manner as in 
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Example 38 were dissolved in 20 ml of DMF under argon stream and 
stirred at 80°C for 2 hours and then water was added to the reaction 
mixture, followed by extraction with chloroform. After drying 
the extract/ concentration and purification by column 
5 chromatography (silica gel; chloroform), followed by 
recrystallization from a chloroform/hexane solution afforded 261 
mg (0.33 mmol) of Ir (2, 4-F-PPy) [1- (St-Me) -acac] as yellow crystal . 
Yield: 83% . Identification was performed by elementary analysis 
of C, H and N and ^-NMR. 

10 ^-NMR (CDC1 3 , ppm) : 5 8.39(d, 1H, J=5.7Hz), 8.3-8.2(m, 2H) , 
8.04(d, 1H, J=5.7Hz), 7.8-7.7(11, 2H), 7.19(d, 2H, J=7.8Hz), 
7.15(dd, 1H, J=6.6, 6.6Hz), 6.97(dd, 1H, J=6.6, 6.6Hz), 6.89(d, 
2H, J=7.8Hz), 6.67(dd, 1H, J*=17.6, 10.8Hz), .6.4-6.2(m, 2H) , 
5.7-5. 6 (m, 3H), 5.22 (s, 1H) , 5.2nd, 1H, J=ll.lHz) / 2.62 (t, 2K/ 

15 J=7.0Hz), 2.39 (m, 2H) , 1.78 (s, 3H) . 

i 

Elementary analysis Calcd: C 54.88, H 3.45, N 3.56. 

Found: C 54.82, H 3.50, N 3.49. 
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F 

Ir (2, 4-F-PPy) 2 [1- (St-Me) -acac] 



Example 44 : Synthesis of a polymerizable compound {3-[4-(2- 

methacryloyloxyethyl) carbamoyloxyphenylmethyl] -2, 4-pentane- 
dionato}bis(2-phenylpyridine) iridium (III) (hereinafter 
abbreviated as Ir (PPy) 2 [3- (MOI-Ph-Me) acac] ) 

■ 

(1) As shown in the Reaction Scheme below, di (n-chloro) - 
tetrakis(2-phenylpyridine) diiridium (III) ( [Ir (PPy) 2 Cl] 2 ) and 
3- (4-hydroxyphenylmethyl)-2 f 4-pentanedione synthesized by 
conventional methods were allowed to react to synthesize [3- 
(4-hydroxyphenylmethyl) -2, 4-pentanedionato]bis (2-phenyl- 
pyridine) iridium (III) (hereinafter abbreviated as 
Ir (PPy) 2 [3- (OH-Ph-Me) -acac] ) . 
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That is , 56 mg (0.052 mmol) of [Ir (PPy) 2 C1] 2 and 44 mg (0.42 
mmol) of sodium carbonate were dissolved in 5 ml of DMF. To this 
solution was added a solution of 30 mg (0.15 mmol) of 3-(4- 
hydroxyphenylmethyl)-2,4-pentanedione synthesized by the known 
5 method (C. Cativiela, et al., J. Org. Chem., £Q, 3074 (1995)) in 

5 ml of DMF and the mixture was heated at 80°C for 1.5 hours with 
stirring . Then to the reaction mixture cooled to room temperature 
were added dilute hydrochloric acid and chloroform and the mixture 
was well shaken. The organic layer was separated and the solvent 

10 was distilled off by using a rotary evaporator and the residue 
was passed through a silica gel column with a mixed solvent of 
hexane/ethyl acetate of 1:1 (by volume ratio) as an eluent to 
separate a band of a main product. Distilling off the solvent 
from the obtained pale yellow solution and recrystallization of 

15 the residue from a mixed solution of dichloromethane/hexane 
afforded 34 mg (0.048mmol) of Ir (PPy) 2 [3- (OH-Ph-Me) -acac] as pale 
yellow solid. Yield: 46%. Identification was performed by 
elementary analysis of C, H and N and X H-NMR. 

^H-NMR (CDC1 3 , ppm) : 5 8.58 (d, J=5.9Hz, 2H, PPy) / 7.84 (d, J=7.8Hz, 
20 2H, PPy), 7.73 (t, J=6.5Hz, 2H, PPy), 7.55 (d, J=7.6Hz, 2H, PPy) , 
7.1 - 6.6 (m, 10H, aromatic), 6.27 (o% J=7.6Hz, 2H, PPy), 4.86 
(br-s, 1H, OH), 3.62 (s, 2H, benzyl) , 1.80 (s, 6H, methyl). 
Elementary analysis Calcd: C 57.86, H 4.14, N 3.97. (Cj^IrNjOs) 

Found: C 57.97, H 4.22, N 4.15. 

■ ■ • 
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Ir (PPy) 2 [3- (OH-Ph-Me) -acac] 

(2) As shown in the Reaction Scheme below, the obtained 
Ir (PPy) 2 [3- (OH-Ph-Me) -acac] and 2-methacryloyloxyethyl , 
isocyanate (Trade name "Karenz MOI", manufactured by Showa Denko ! 
5 K. K. , hereinafter sometimes referred to as "MOI") were allowed' 
to react to synthesize Ir (PPy) 2 [3- (MOI-Ph-Me) -acac] . 

That is, a solution of 71 mg (0.10 mmol) of Ir(PPy) 2 [3- 
( OH-Ph-Me) -acac], 3 mg (0.014 mmol) of 2, 6-di-tert-butyl-4- 
methylphenol, 27 mg (0.12 mmol) of dibutyltin (IV) dilaurate and 
10 55 mg (0.35 mmol) of MOI in 10 ml of THF was heated at 70°C for 
2 hours with stirring. The obtained reaction mixture was 
concentrated to dryness under reduced pressure by using a rotary 
evaporator and the residue was passed through a silica gel column 
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with a mixed solvent of hexane/ethyl acetate of 1 : 1 (by volume 
ratio) as an eluent. The pale yellow solution eluted next to the 
initially eluted pale yellow byproduct was recovered and 
concentrated to dryness under reduced pressure. The obtained 
5 solid was dissolved in a small amount of dichloromethane and 
hexane was added thereto to form precipitate/ which was collected 
by filtration and dried under reduced pressure to obtain 59 mg 
(0.069 mmol) of the objective Ir (PPy) 2 [3- (MOI-Ph-Me)-acac] as 
pale yellow solid. Yield: 68%. Identification was performed by 
10 elementary analysis of C, H and N and ^-NMR. 

^-NMR (CDCI3, ppm) : 5 8.58 (d, J=5.9Hz, 2H, PPy), 7.88 (d, J=7.8Hz, 
2H, PPy), 7.76 (t, J=6.5Hz, 2H, PPy), 7.57 (d, J=7.6Hz, 2H, PPy) , 
7.2 - 6.6 (m, 10H, aromatic), 6.27 (d, J=7.6Hz, 2H, PPy), 6.16 
(s, 1H, olefinic), 5.63 (s, 1H, olefinic) 5.31 (br-s, 1H, NH) , 

15 4.31 (m, 2H, ethylene), 3.69 (s, 2H, benzyl), 3.59 (m, 2H, ; 

1 

ethylene), 1.98 (s, 3H, me thacryl -methyl) , 1.80 (s, 6H, 
diketonate-methyl) . 

Elementary analysis Calcd: C 57.20, H 4.45, N 4.88. (C 41 H 3B IrN 3 0 6 ) 

Found: C 57.36, H 4.43, N 4.91. 
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Ir (PPy) 2 [3- (OH-Ph-Me) -acac] Ir (PPy) 2 [3- (MOI-Ph-Me) -acac] 



Example 45 : Synthesis of a polymerizable compound bis(2- 
(2, 4-difluorophenyl)pyridinato) (3-methacryloyloxypicolinato) 
5 Iridium (III) (hereinafter abbreviated as Ir (2, 4-F-PPy) 2 (3- 

MA-pic) ) . 

■ 

(1) As shown in the Reaction Scheme below, bis (2- (2, 4- 
difluorophenyDpyridinato) (3-hydroxypicolinato) Iridium (III) 
(hereinafter abbreviated as Ir(2, 4-F-PPy) 2 (3-OH-pic) ) was 

10 synthesized. 

That is, 10 ml of dry N,N-dimethylformamide (DMF) was added 
to 121.6 mg (0.1 mmol) of [Ir (2, 4-F-PPy) 2 C1] 2 ) prepared in the 
same manner as in Example 43(1) and (2), 41.7 mg (0.3 mmol) of 
3-hydroxypicolinic acid, and 106.0 mg (1.0 mmol) of sodium 

15 carbonate under argon stream and the mixture was stirred at 80°C 
for 2 hours. After adding 50 ml of water, the reaction mixture 
was extracted with ethyl acetate. After drying the obtained 
solution over magnesium sulfate, it was concentrated and purified 
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■ 

by column chromatography (silica gel, methanol : chloroform=3 : 97 
(by volume ratio) ) . Recrystallization from hexane/chloroform 
afforded 101 . 0 mg of Ir (2, 4-F-PPy) 2 (3-OH-pic) as yellow crystal. 
Yield: 71% • Identification was performed by elementary analysis 
5 of C, H and N and l H-NMR. 

^-NMR (DMSO-de, ppm) : 5 13.6(br, 1H) , 8.50 (d, 1H, J=5.9Hz), 

► 

8.25 (d, 2H, J=ll.lHz), 8.1-8.0 (m, 2H) , 7.69(d/ 1H, J=5.7Hz), 
7.62 (d, 1H, J=8.1Hz), 7.53(d, 1H, J=4.6Hz) , 7.50 <d, 1H, J=5.7Hz), 
7.36(t, 1H, J=4.5Hz), 7.24(d, 1H, J=5.1Hz) / 6.9-6.7(m, 2H) , 
10 5.66(dd, 1H, J=8.6, 2.4Hz), 5.48 (dd, 1H, J=8.6, 2.4Hz) . 
Elementary analysis Calcd: C 47.32, H 2*27, N 5.91. 

■ 

Found: C 47.29, H 2.33, N 5.86. 




Ir (2, 4-F-PPy) 2 (3-OH-pic) 
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(2) As shown in the Reaction Scheme below, Ir(2,4-F- 
PPy) 2 (3-MA-pic) was synthesized. 

That is, 71.1 mg (0.10 mmol} of Ir (2, 4-F-PPy) 2 (3-OH-pic) 
and 0.2 mg of 2, 6-di-t-butyl-4-methylphenol were dissolved in 10 
5 ml of dry dichloromethane under argon stream and 101.2 mg (1.0 
mmol) of triethylamine, and 52.3 mg (0.50 mmol) of methacryloyl 
chloride were added to the solution, followed by stirring the 
mixture at room temperature for 2 hours . To the reaction mixture 
was added 50 ml of water and then the reaction mixture was extracted 

10 with chloroform. After drying the obtained solution over 
magnesium sulfate, it was concentrated and purified by column 
chromatography (silica gel, methanol : chloroform=l : 24 (by volume 
ratio) ) . Recrystallization of the purified product from 
hexane/chloroform afforded 63.1 mg of Ir (2,4-F-PPy) 2 (3-MA-pic} 

15 as yellow crystal. Yield: 81%. Identification was performed by 

■ 

j. 

H-NMR and elementary analysis of C, H and N. 

^-NMR (DMSO-d^, ppm) : 5 8.51 (d, 1H, J=5.4Hz), 8.3-8.2 (m, 2H) , 
8. 1-7. 9 (m, 3H), 7. 8-7. 6 (m, 3H) , 7.52 (dd, 1H, J-6.6, 6.6Hz), 
7.35(dd, 1H, J=6.6, 6.6Hz), 6.9-6.7(11, 2H) , 6.26(s, 1H) , 5.88 (s 
20 1H), 5.68(dd, 1H, J=8.4, 2.4Hz), 5.44(dd / 1H, J=8.4, 2.4Hz), 
2.00 (s, 3H) . 

Elementary analysis Calcd: C 49.36, H 2.59, N 5.40. 

Found: C 49.33, H 2.60, N 5.41. 
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Ir(2,4-F-PPy) 2 (3-OH-pic) Ir (2, 4-F-PPy) 2 (3-MA-pic) 



Example 46 : Synthesis of a polymerizable compound bis (2- 
(2, 4-difluorophenyl)pyridinato) ( 5-methacr yloyloxymethyl- 
5 picolinato) Iridium (III) (hereinafter abbreviated as Ir(2,4- 
F-PPy) 2 (S-CH^-pic) ) . 

(1) As shown in the Reaction Scheme below, bis (2- (2, 4- 
dif luorophenyl ) pyridinato) ( 5- (hydroxymethyl ) picolinato) 
Iridium (III) (hereinafter abbreviated as Ir (2,4-F-PPy) 2 (5- 

10 CH 2 OH-pic) ) was synthesized. 

That is, 10 ml of dry N,N-dimethylformamide (DMF) was added 
to 121. 6mg (O.lmmol) of [Ir (2, 4-F-PPy) 2 C1] 2 ) , 45.9mg (0.3mmol) 
of 5-hydroxymethylpicolinic acid, and 106.0 mg (1.0 mmol) of 
sodium carbonate under argon stream and the mixture was stirred 

15 at 80°C for 2 hours. After adding 50 ml of water, the reaction 
mixture was extracted with ethyl acetate . After drying the 
obtained solution over magnesium sulfate, it was concentrated and 
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purified by column chromatography (silica gel, methanol : 
chloroform =1:19 (by volume ratio)). Recrystallization from 
hexane/chloroform afforded 108.7 mg of Ir (2, 4-F-PPy) 2 (5- 
CH 2 OH-pic) as yellow crystal. Yield: 75%. Identification was 
5 performed by l H-NMR and elementary analysis of C, H and N. 

^-NMR (DMSO-dj, ppm) : 5 8.54 (d, 1H, J=4 . 6Hz) , 8.3-8.2 (m, 2H), 
8.1-8.0 (at, 4H), 7.70(8, 1H) , 7.61(d, 1H, J=4.9Hz), 7.49(dd, 1H, 
J=6.6Hz, 6.6Hz), 7.32(dd, 1H, J=6.6Hz, 6.6Hz), 6.9-6.7(m, 2H) , 
5.71(dd, 1H, J=8.9Hz, 2.4Hz), 5.46(dd, 1H, J=8.5Hz, 2.3Hz), 
10 5.42(t, 1H, J=4.6Hz), 4.49(d, 2H, J=4.6Hz). 

Elementary analysis Calcd: C 48.06, H 2.50, N 5.80. 

Found: C 48.05, H 2.54, N 5.86. 




F 

Ir (2, 4-F-PPy) 2 (5-CH 2 OH-pic) 
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(2) As shown in the Reaction Scheme below, Ir(2,4-F- 
PPy)a (5-CH^JA-pic) was synthesized. 

That is, 72.5 mg (0.1 mmol) of Ir (2, 4-F-PPy) 2 (5-CH 2 OH-pic) 
and 0.2 mg of 2, 6-di-t-butyl-4-methylphenol were dissolved in 10 
5 ml of dry dichlorome thane under argon stream and 101.2 mg (1.0 
mmol) of triethylamine, and 52.3 mg (0.5 mmol) of methacryloyl 
chloride were added to the solution/ followed by stirring a the 
mixture at room temperature for 2 hours. To the reaction mixture 
was added 50 ml of water and then the reaction mixture was extracted 
10 with chloroform. After drying the obtained solution over 
magnesium sulfate, it was concentrated and purified by column 
chromatography (silica gel, methanol : chlorof orm=3 : 97 (by volume 

* - 

ratio) ) . Recrystallization of the purified product from 
hexane/chloroform afforded 70.6 mg of Ir (2, 4-F-PPy) 2 (S-CHjMA- 

15 pic) as yellow crystal. Yield: 89%. Identification was' 
performed by ^-NMR and elementary analysis of C, H and N. 
^-NMR (DMSO-dj, ppm) : 5 8.53 (d, 1H, J=5.1Hz), 8.28 (d, 1H, 
J=8.4Hz), 8.22(d, 1H, J=8.6Hz), 8.1-8.0(m, 4H) , 7.70(s, 1H), 
7.66(d, 1H, J=4.9Hz), 7.48 (dd, 1H, J=6.5Hz, 6.5Hz), 7.31 (dd, 1H, 

20 J=6.5Hz, 6.5Hz), 6.9-6.7(11, 2H) , 5.84(s, 1H) , 5.7-5.6(m, 2H) , 
5.47(dd, 1H, J=8.8Hz, 2.6Hz) , 5.24 (d, 2H, J=2.7Hz), 1.78(8/ 3H) . 



- 251 - 



WO 03/001616 PCT/JP02/06139 



Elementary analysis Calcd: C 50.00, H 2.80, N 5.30. 

Found: C 49.92, H 2.87, N 5.28, 




. Ir (2,4-F-PPy) 2 (5-CH 2 MA-pic) 

5 Example 47 : Synthesis of a polymerizable compound bis (2- 
(2, 4-difluorophenyl)pyridinato) (5- (2- (methacryloyloxy) ethyl - 
carbamoyloxymethyDpicolinato) Iridium (III) (hereinafter 
abbreviated as Ir (2, 4-F-PPy) 2 ^-OH^OI-pic) ) . 

As shown in the Reaction Scheme below, Ir(2,4-F- 
10 PPy) 2 (5-CH2MOI-pic) was synthesized. 

That is, 72.5 mg (O.lmmol) of Ir (2, 4-F-PPy) 2 (S-CI^OH-pic) 
as the intermediate in Example 46, 0.2 mg of 2, 6-di-t-butyl- 
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* » 

4-methylphenol (BHT) and 1.3 mg of dibutyltin (IV) dilaurate 
(DBTL) were dissolved in 10 ml of dry tetrahydrofuraii. To this 
was added 31.0 mg (0.2mmol) of 2T-methacryloyloxyethyl isocyanate 
(Trade name "Karenz MOI", manufactured by Showa Denko K. K. , 
5 hereinafter sometimes referred to as "MOI") and the mixture was 

stirred at 50°C for 1 hour. To the reaction mixture was added 
50 ml of water and then the reaction mixture was extracted with 
chloroform. After drying the obtained solution over magnesium 
sulfate, it was concentrated and purified by column 

10 chromatography (silica gel, methanol :chloroform=3 : 97 (by volume 
ratio)). Recrystallization of the purified product from 
hexane/chloroform afforded 76.4 mg of Ir (2, 4-F-PPy) 2 (5- 
CHjjMOI-pic) as yellow crystal. Yield: 87%. Identification was 
performed by ^-NMR and elementary analysis of C, H and N. 

15 ^-NMR (DMSO-d 6 , ppm) : 5 8.53(d, 1H, J=5.1Hz), 8.32(dd, 2H, J=8.0, 
1.8Hz), 8.25(d, 1H, J=8.9Hz), 8.22(d, 1H, J=9.2Hz), 8.1-8.0{m, 
3H), 7.60(d, 1H, J=4.6Hz), 7.51 (dd, 1H, J=6.5, 6.5Hz), 7.35 (dd, 
1H, J=6.5, 6.5Hz), 6.9-6.7(m, 2H) , 6.10(s, 1H) , 5.87 (s, 1H) , 
5.71(dd, 1H, J=8.4, 2.2Hz), 5.46(dd, 1H, J=8.8, 2.6Hz), 4.90(s, 

20 2H), 4.23 (t, 2H, J=1.9Hz), 3.47 (m, 2H) , 1.90 (s, 3H) . 
Elementary analysis Calcd: C 50.62, H 3.33, N 6.38. 

Found: C 50.59, H 3.35, N 6.32. 
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Ir (2, 4-F-PPy) 2 (5-CH 2 OH-pic) 



CH 3 

H 2 C=CCOCH 2 CH 2 NCO 
6 



MOI 



DBTL, BHT 



THF 




CH 3 

CH 2 OCNHCH 2 CH 2 OCG=CH 2 
6 0 



Ir (2, 4-F-PPy) 2 (S-CH^OI-pic) 



Example 48 : Synthesis of a polymerizable compound bis (2- 



(2, 4-difluorophenyl)pyridinato) 



(5- (2- (methacryloyloxy) - 



5 ethoxycarbonyDpicolinato) Iridium (III) (hereinafter 
abbreviated as Ir (2, 4-F-PPy) 2 (5-COHEMA-pic) ) . 
(1) As shown in the Reaction Scheme below, bis (2- (2, 4- 
difluorophenyl)pyridinato) (5-carboxypicolinato) Iridium (III) 
(hereinafter abbreviated as Ir (2, 4-F-PPy) 2 (5-COOH-pic) ) was 
10 synthesized. 

That is, 10 ml of dry N,N-dimethylformamide was added to 
243.2 mg (0.2 mmol) of Ir[ (2, 4-F-PPy) 2 C1] 2 , 100.3 mg (0.6 mmol) 
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► • 

of 2,5-pyridinedicarboxylic acid, and 212.0 mg (2.0 mmol) of 
sodium carbonate and the mixture was stirred at 80°C for 2 hours. 
To the reaction mixture was added 50 ml of 1 N hydrochloric acid 
to precipitate the product , which was filtered. This was 
5 dissolved in a small amount of chloroform and purified using 

* ■ 

column chromatography (silica gel, methanol : chloroform - 1:4) • 
Further, reprecipitation of the purified product from 
hexane/ethanol afforded 204.0 mg of Ir (2, 4-F-PPy) 2 (5-COOH-pic) 

■ 

as yellow crystal . Yield: 69%. Identification was performed by 
10 1 H~NMR and elementary analysis of C, H and N. 

l H-NMR (DMSO-d 6 , ppm) : 6 10.7(s, 1H) , 8.53(d, 1H, J=5.lHz), 

* 

8.37 (dd, 2H, J=8.0 / 1.8Hz), 8.28 (d, 1H, J=8.9Hz), 8.25(d, 1H, 
J=9.2Hz), 8.1-8.0(m, 3H) , 1.59{d, 1H, J=4.6Hz) , 7.47 (dd, 1H, 
J=6.5, 6.5Hz) , 7.32 (dd, 1H, J=6.5, 6.5Hz), 6.9-6.7 (m, 2H) , 
15 5.70 (dd, 1H, J=8.4, 2.2Hz), 5.48 (dd, 1H, J=8.8, 2.6Hz) . 
Elementary analysis Calcd: C 47.15, H 2.18, N 5.69. 

Foiand: C 47.10, H 2.28, N 5.66. 
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Ir (2, 4-F-PPy) 2 (5-COOH-pic) 

(2) As shown in the Reaction Scheme below, Ir(2,4-F- 
PPy) 2 (5-COHEMA-pic) was synthesized. 

That is , 73.9 mg (0.1 mmol) of Ir (2, 4-F-PPy) 2 (5-COOH-pic) , 
52.5 mg (0.2 mmol) of triphenylphoshine (PPh 3 ) , 19.5 mg (0.15 mmol) 
of 2-hydroxyethyl methacrylate were dissolved in 10 ml of dry THF 
under argon stream and 65.3mg (0.15 mmol) of a 40% toluene solution 
of diethyl azodicarboxylate (DEAD) was dripped thereto at -20°C. 
The mixture was left to stand as it was while the temperature was 
elevated to room temperature and the mixture was stirred for 2 
hours. After completion of the reaction, the solvent was 

■ 

distilled off and the reaction mixture was concentrated to dryness . 
Then the residue was dissolved in a small amount of chloroform 
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and purified using column chromatography (silica gel, methanol : 
chloroform =1:19 (by volume ratio) ) . Recrystallization of the 
purified product from hexane/chloroform afforded 61.5 mg of 
Ir(2,4-F-PPy) 2 (5-COHEMA-pic) as yellow crystal. Yield: 72%. 
Identification was performed by X H-NMR and elementary analysis 
of C, H and N. 

X H-NMR (DMSO-ds, ppm) : 5 8.54(d, 1H, J=5.1Hz), 8.37 (dd, 2H, J=8.0, 
1.8Hz), 8.31 (d, 1H, J=8.9Hz), 8.27 (d, 1H, J=9.2Hz) , 8.1-8.0{m, 
3H), 7.57(d, 1H, J=4.6Hz), 7.46(dd, 1H, J=6.5, 6.5Hz), 7.32(dd, 
1H, J=6.5, 6.5Hz), 6.9-6.7(m, 2H) , 6.10(s, 1H) , 5.87 (s, 1H) , 
5.71 (dd, 1H, J=8.4, 2.2Hz), 5.51(dd, 1H, J=8.8, 2 . 6Hz) , 4 .64 (t, 
2H, J=2.0Hz), 4.55(t, 2H, J=2.0Hz), 1.93(s, 3H) . 
Elementary analysis Calcd: C 49.41, H 2.84, N 4.94. 

Found: C 49.38, H 2.88, N 4.95. , 
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Ir (2, 4-F-PPy) 2 (5-CH 2 OH-pic) 




F 

Ir (2, 4-F-PPy) 2 (5-COHEMA-pic) 



Example 49 : Synthesis of a polymerizable compound bis(2- ! 

•I 

(2, 4-dif luorophenyDpyridinato) (3- (4- (vinylphenyl)methoxy- 
5 picolinato) Iridium (III) (hereinafter abbreviated as Ir(2,4- 
F-PPy) 2 (3-ST-pic) ) . 

As shovm in the Reaction Scheme below, Ir(2,4-F- 
PPy)2 (3-ST-pic) was synthesized. 

That is, 5 ml of dry N,N-dimethylformamide was added to 35.5 
10 mg (0.05 mmol) of Ir (2, 4-F-PPy) 2 (3-OH-pic) as the intermediate 
in Example 45, 69.1 mg (0.5 mmol) of potassium carbonate, and 0.1 
mg of 2, 6-di-t-butyl-4-methylphenol under argon stream and 30.5 
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mg (0 .2 mmol) of 4-vinylbenzyl chloride was further added thereto • 
The mixture was stirred at 80°C for 4 hours. To the reaction 
mixture was added 50 ml of water to precipitate the product, which 
was collected by filtration and purified by column chromatography 
5 (silica gel/ methanol : chloroform = 3:97 (by volume ratio)), 
Recrystallization of the purified product from hexane/ chloroform 
afforded 24.0 mg of Ir (2, 4-F-PPy) 2 (3-ST-pic) as yellow crystal. 
Yield: 58%. Identification was performed by X H-NMR and 
elementary analysis of C, H and N. 
10 X H-NMR (DMSO~d 6 , ppm) : 5 8.59(d, 1H, J=5.1Hz), 8.3-8.2(111, 2H) , 
8.1-8.0(m, 2H), 7.9(d, 1H, J=8.6Hz), 7.67(d, 1H, J=5.1Hz), 
7.6-7.3(m, 7H), 6.9-6.7(111, 3H) , 5.85(d, 1H, J=17 . 8Hz) , 5 . 67 (dd, 
1H, J=»8.9, 2.4Hz), 5.45 (dd, 1H, tf=8.9, 2.4Hz), 5.29 (s, 2H) , 5.27 (d, 
1H, J=ll.lHz) . 

15 Elementary analysis Calcd: C 53.75, H 2.93, N 5.08. 

Found: C 53.71, H 2.90, N 5.03. 
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Ir (2, 4-F-PPy) 2 (3-ST-pic) 



Example 50 : Synthesis of a polymerizable compound bis (2- 

• I 

phenylpyridinato) (3-methacryloyloxypicolinato) Iridium (III) 
(hereinafter abbreviated as Ir (PPy) 2 (3-MA-pic) ) 
(1) As shown in the Reaction Scheme below, bis (2- 
phenylpyridinato) (3-hydroxypicolinato) Iridium (III) 
(hereinafter abbreviated as Ir (PPy) 2 (3-0H-pic) ) was synthesized. 

That is, 10 ml of dry N,N-dimethylformamide (DMF) was added 
to 107.2 mg (O.lmmol) of di (n-chloro) tetrakis (2-phenylpyridine) 
diiridium (III) (hereinafter abbreviated as [Ir (PPy) 2 Cl] 2 ) 
synthesized by a conventional method, 41.7 mg (0.3 mmol) of 
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3-hydroxypicolinic acid, and 106.0 mg (1.0 mmol) of sodium 
carbonate under argon stream and the mixture was stirred at 80°C 
for 2 hours. After adding 50 ml of water, the reaction mixture 
was extracted with chloroform. After drying the obtained 
solution over magnesium sulfate, it was concentrated and purified 
by column chromatography (silica gel, methanol : chlorof orm=l : 19 
(by volume ratio) ) . Recrystallization from hexane/chloroform 
afforded 106.0 mg of Ir (PPy) 2 (3-OH-pic) as yellow crystal. 
Yield: 83%. Identification was performed by 1 H-NMR and 
elementary analysis of C, H and N. 

X H-NMR ( DMSO-dg , ppm) : 5 8.46{d, 1H, J=4.9Hz) , 8.23 (d, 1H, 
J=8.1Hz), 8.20(d, 1H, J=8.6Hz), 8.0-7.9(m, 2H) , 7.80(m, 2H) , 
7.60 (dd, 1H, J=5.9, 5.9Hz), 7.55 (d, 1H, J=1.4Hz), 7.47 (dd, 1H, 

J=8.5, 5.0Hz), 7.40(dd, 1H, CN5.9, 5.9Hz), 7.26(dd, 1H, J=5.9,i 

■ i 

5.9Hz), 7.16(dd, 1H, J=4.9, 1.4Hz), 6.90 (dd, 1H, J=7.6, 7.6Hz),' 

I 

6.87 (dd, 1H, J=7.6, 7.6Hz), 6.8-6.7 (m, 2H) , 6.20(d, 1H, J=7.6Hz), 
6.05 (d, 1H, J=7.6Hz) . 

Elementary analysis Calcd: C 52.65, H 3.16, N 6.58. 

Found: C 52.62, H 3.21, N 6.57. 
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Ir(PPy) 2 (3-OH-pic) 

(2) As shown in the Reaction Scheme below, Ir (PPy) 2 (3-MA-pic) 
was synthesized • 

That is, 31.9 mg (0.05 mmol) of Ir (PPy) 2 (3-OH-pic) and 0.1 
5 mg of 2, 6-di-t-butyl-4-methylphenol were dissolved in 5 ml of dry 
dichlorome thane under argon stream and 50.6 mg (0.5 mmol) of 
triethylamine, and 26.1 mg (0.25 mmol) of methacryloyl chloride 
were added to the solution, followed by stirring the mixture at 
room temperature for 2 hours . To the reaction mixture was added 
10 50 ml of water and then the reaction mixture was extracted with 
chloroform. After drying the obtained solution over magnesium 
sulfate, it was concentrated and purified by column 
chromatography (silica gel, methanol : chloroform = 1:19 (by 
volume ratio) ) . Recrystallization of the purified product from 
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hexane/chloroform afforded 23.0 mg of Ir (PPy) 2 (3-MA-pic) as 
yellow crystal. Yield: 65%. Identification was performed by 
^-NMR and elementary analysis of C, H and N. 

l H-NMR (DMSO-de, ppm) : 5 8.50(d, 1H, J=5.7Hz), 8.23(d, 1H, 
5 J=4.9Hz), 8.21 (d, 1H, J=5.7Hz), 8. 0-7. 9 (m, 3H) , 7.81 (t, 2H, 
J=8.9Hz), 7.7-7.5(111, 3H) , 7.42 (dd, 1H, J=6.6, 6.6Hz), 7.25 (dd, 
1H, J=6.3, 6.3Hz), 6.91 (dd, 1H, J=7.6, 7.6Hz), 6.86(dd, 1H, J=7.6, 
7.6Hz), 6.25(s, 1H), 6.22(d, 1H, J=7.8Hz), 6.01(d, 1H, J=7.3Hz), 
5.87(s, 1H), 2.01(s, 3H) . 
10 Elementary analysis Calcd: C 54.38, H 3.42, N 5.95. 

Found: C 54.29, H 3.51, N 5.94. 




Ir(PPy) 2 (3-MA-pic) 
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Example 51 : Synthesis of N-vinylcarbazole/Ir (2, 4-F-PPy) 2 (3- 
MA-pic) copolymer (hereinafter, abbreviated as VCz-co-Ir (2, 4- 

* 

F-PPy) 2 (3-MA-plc)) 
5 The titled copolymer was synthesized as a light emitting 

material containing Ir (2, 4-f-PPy) 2 (3-MA-pic) as a unit having the 
function of luminescence and N-vinylcarbazole as a unit having 
the function of hole transportation. 

966 mg (5.0 mmol) of N-vinylcarbazole , 38*9 mg (0.05 mmol) 
10 of Ir (2,4-f-PPy) 2 (3-MA-pic) , and 8.2 mg (0.05 mmol) of AIBN were 
dissolved in 25ml of dry toluene and argon was blown into the 

obtained solution for 1 hour. This solution was warmed up to 80°C 
to initiate polymerization reaction and the reaction mixture was 
stirred as it was for 8 hours . Af ter cooling, the reaction mixture i 
15 was dripped into 250 ml of methanol to precipitate a polymer/ which 
was recovered by filtration. Further, the recovered polymer was 
dissolved in 25 mol of chloroform. This solution was purified 
by dripping it into 250 ml of methanol to reprecipitate the polymer 

and dried in vacuum at 60°C for 12 hours to obtain 673 mg of the 
20 objective compound VCz-co-Ir (2, 4-F-PPy) 2 (3-MA-pic) . Table 5 
shows yields, results of GPC measurements, and Ir complex contents 
measured by ICP elementary analyses. 

Examples 52 to 56 
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Copolymers were synthesized in the same manner as in Example 
51 except that the polymerizable compounds prepared in Examples 
46 to 50, respectively, were used in place of Ir(2,4-F- 
PPy)2 (3-MA-pic) . Table 5 shows yields, results of GPC 
measurements, and Ir complex contents measured by ICP elementary 
analyses . 
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Examples 57 to 62 : Fabrication and evaluation of organic light 
emitting devices 

Organic light emitting devices were fabricated by using 
ITO-substrate (manufactured by Nippo Electric Co. , Ltd.) which 
is 25 mm x 25 mm glass substrates provided on one side thereof 
with two ITO (indium tin oxide) electrodes serving as anodes, each 
being 4 mm in width formed in the form of stripes . 

First, poly (3, 4-ethylenedioxythiophene) /polystyrene- 
sulfonic acid (manufactured by Bayer AG, trade name "Baytron P") 
was coated on the ITO (anode) of the above-mentioned ITO-substrate 

■ 

by a spin coating method under the conditions of 3,500 rpm and 
a coating time of 40 seconds and dried in a vacuum drier at 60°C 
for 2 hours to form an anode buffer layer. The obtained anode 

buffer layer had a film thickness of about 50 nm. 1 

■ i 

i 
I 

Then, a coating solution for forming a layer containing a 

I" 

light emitting material and an electron transporting material was 
prepared. 21.0 mg of the light emitting material shown in Table 
6 and 9.0 mg of 2- (4-biphenyl) -5- (4-tert-butylphenyl) -1, 3, 4- 
oxadiazole (PBD) (manufactured by Tokyo Kasei Kogyo Co., Ltd.) 
as an electron transporting material were dissolved in 2970 mg 
of chloroform (manufactured by Wako Pure Chemical Industries, 
Ltd., reagent grade) and the obtained solution was filtered 
through a filter having a pore size of 0.2 pm to prepare a coating 
solution. 
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Further, the obtained coating solution was coated on the 
anode buffer layer by a spin coating method under the conditions 
of 3/000 rpm and a coating time of 30 seconds and dried at room 
temperature (25°C) for 30 minutes to form a layer containing a 
5 light emitting material and an electron transporting material. 
The obtained layer had a film thickness of about 100 nm. 

Then/ the substrate having formed thereon a layer 
containing a light emitting material and an electron transporting 
material was placed in a vapor deposition apparatus and silver 
10 and magnesium were codeposited in a weight ratio of 1:10 to form 
two cathodes in the form of stripes of 3 mm in width so as to cross 
the direction of length of the anodes at right angles. The 
obtained cathodes had a film thickness of about 50 nnu 

Finally/ in an argon atmosphere / lead wires (wiring) were 
15 attached to the anodes and cathodes to fabricate four organic 

light emitting devices of 4 mm (length) x 3 mm (width) '. Voltage 
was applied to the above-mentioned organic EL devices by using 
a programmable direct voltage/current source TR61 4 3 manufactured 
by Advantest Corporation to cause luminescence and the luminance 
20 was measured by using a luminance meter BM-8 manufactured by 
Topcon Corporation. As a result/ the luminescence starting 
voltage and initial luminance at 20 V as shown in Table 6 were 
obtained (average of four devices for each light emitting 
material) . 
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Example 63 : Synthesis of a polymerizable compound [6-(4- 
vinylphenyl) -2, 4-hexanedionato] bis [2- (2-pyridyl)benzo- 

thienyl) iridium (III) (hereinafter abbreviated as 
Ir(btp) 2 [l-(StMe)-acac] ) 
5 As shown in the Reaction Scheme below, 6-(4- 

vinylbiphenyl) -2, 4-hexanedione prepared in the same manner as in 

Example 38 (1) .and di (ii-chloro) tetrakis (2- (2-pyridyl) - 
benzothienyl) diiridium (III), (hereinafter abbreviated as 
[Ir (btp) 2 Cl] 2 ) synthesized by a conventional method (cf e.g./ 
10 S. Lamansky, et al., Inorganic Chemistry/ &£L, 1704 (2001)) were 
allowed to react to synthesize Ir (btp) 2 [1- (StMe) -acac) ] . 

That is, to a suspension of 253 mg (0.20 mmol) of 
[Ir (btp) 2 C1] 2 in 10 ml of N,N-dimethylformamide (hereinafter 
abbreviated as DMF) were added 161 mg (0.74 mmol) of 6-(4r 

15 vinylphenyl) -2/ 4 -hexanedione/ 64 mg of sodium carbonate and 1.9 

I- 

mg (0.0086 mmol) of 2, 6-di-tert-butyl-4-methylphenol 
(hereinafter abbreviated as BHT) / and the mixture was heated at 

80°C for 1 hour with stirring. To the reaction mixture were added 
100 ml of water and 50 ml of chloroform and the obtained mixture 
20 was well shaken. The organic layer was dried over magnesium 
sulfate and then concentrated to dryness under reduced pressure 
by using a rotary evaporator. Then, the crude product was 
purified through a silica gel column with dichloromethane as an 
eluent to obtain a reddish brown solution. The solution was 
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- 

concentrated under reduced pressure and hexane was added thereto 
followed by recrystallization at -20°C to obtain 153 mg (0.18 mg) 
of the objective Ir (btp) 2 [1- (StMe) -acac] as reddish brown solid. 
Yield: 47% . Identif ication was performed by elementary analysis 
5 of C, H and N and X H-NMR. 

1 H-NMR (CDC1 3 , ppm) : 5 8.40 (d, J=5.4Hz, 1H, btp) ,7.97 (d, J=5.4Hz, 
1H, btp), 7.65 (m, 6H, btp), 7.1 - 6.7 (m, 10H, aromatic), 6.63 
(dd, J=17.8, 11.1Hz, 1H, vinylic), 6.24 (d, J=8.1Hz, 1H, btp), 
6.16 (d, J=7.8Hz, 1H, btp), 5.65 (d, J=17.8Hz, 1H, vinylic), 5.22 

► 

10 (s, 1H, diketonate-me thine), 5.18 (d, J=ll.lHz, 1H, vinylic) , 
2.56 (m, 2H, ethylene), 2.37 (m, 2H, ethylene), 1.75 (s, 3H, 
methyl ) . 

Elementary analysis Calcd: C 58.02, H 3.77, N 3.38. (C 40 H 31 IrN 2 O 2 S 2 ) 

Found: C 57.79, H 3.81, N 3.55. i 
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Ir (btp) 2 [ (1- (StMe) -acac) ] 



Example 64 : Synthesis of a polymerizable compound [6- (4- 
methacryloyloxyphenyl) -2, 4-hexanedionato] bis [2- (2-pyridyl) - 
5 benzothienyl] iridium (III) (hereinafter abbreviated as 
Ir (btp) 2 [1- (MA-Ph-Me) -acac] ) 

(1) As shown in the Reaction Scheme below, -6-(4- 
hydr oxyphenyl ) -2, 4-hexanedione prepared in the same manner as in 
Example 41(1) and (2) and [Ir (btp) 2 Cl] 2 synthesized by a 
10 conventional method were allowed to react to synthesize 
Ir (btp) 2 [l-(OH-PhHtfe) -acac) ] . ■ . 

That is, 245 mg (0.19mmol) of [Ir (btp) 2 ClJ 2 and 111 mg (1.06 

- - 
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mmol) of sodium carbonate were dissolved in a solution of 141 mg 
(0.680 mmol) of 6- (4-hydroxyphenyl) -2, 4-hexanedione in 10 ml of 
DMF and the mixture was heated at 80°C for 1 . 5 hours with stirring. 
To the reaction mixture cooled to room temperature were added 
5 chloroform and an aqueous solution of ammonium chloride, and the 
obtained mixture was well shaken. The organic layer was dried 
over magnesium sulfate and then the solvent was distilled off by 
using a rotary evaporator. The residue was passed through a 
silica gel column (eluent : hexane/dichlorometahne/acetone = 

10 5/10/1 (by volume ratio)) and a band containing a main product 
having a reddish brown color was separated and concentrated to 
dryness under reduced pressure to obtain 215 mg (0.26 mmol) of 
the objective Ir (btp) 2 [l-(OH-Ph-Me)-acac) ] as reddish brown 
solid. Yield: 70%. Identification was performed by elementary 

15 analysis of C, H and N and ^-NMR. 

' I 

^-NMR (CDCI3, ppm) : 5 8.40 (d, J=5.4Hz, 1H, btp) , 8.06 (d, J=5.4Hz, 
1H, btp), 7.63 (m, 6H, btp), 7.04 (m, 3H, btp), 6.81 (m, 3H, btp), 
6.66 (d, J=8.4Hz, 2H, -C 6 H<-0H) , 6.38 (d, J=8.4Hz, 2H, -C 6 H 4 -OH) , 
5.22 (s, 1H, diketonate-methine) , 5.20 (br, 1H, OH) , 2.48 (m, 2H, 
20 methylene), 2.31 (m, 2H, methylene) , 1.75 (s, 3H, methyl) . 

Elementary analysis Calcd: C 55.80, H 3.57, N 3.42. (C 3B H 29 IrN 2 0 3 S 2 ) 

Found: C 56.19, H 3^57, N 3.31. 
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Ir (btp) 2 [ ( 1- (OH-Ph-Me) -acac) ] 



(2) As shown in the Reaction Scheme below, the obtained 
Ir (btp) 2 [1- (OH-Ph-Me) -acac] and methacryloyl chloride wer^ 
allowed to react to synthesize Ir (btp) 2 [1- (MA-Ph-Me) -acac] . ' 

That is, to a solution of 248 mg (0.32 mmol) of 
Ir (btp) 2 [1- (OH-Ph-Me) -acac] in 20 ml of dry dichloromethane were 
added 0.25 ml (1.8 mmol) of triethylamine and 0.20 ml (2.0 mmol) 
of methacryloyl chloride, and the mixture was stirred at room 
temperature for 1 hour. Then, the reaction mixture was washed 
with 20 ml of an aqueous solution of sodium carbonate and the 
solvent was distilled off under reduced pressure. The residue 
was purified by column chromatography (eluent : a mixed solvent 
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of hexane/dichloromethane/acetone of 2 : 4 : 1 (by volume ratio) ) and 
the reddish brown solution that was first eluted was separated 
and dried under reduced pressure to obtain 180 mg (0.20 mmol) of 
the objective Ir (btp) 2 [1- (MA-Ph-Me) -acac] as reddishbrown solid. 
5 Yield: 64% . Identification was performed by elementary analysis 
of C, H and N and ^-NMR. 

^-NMR (CDC1 3 , ppm) : 5 8.42 (d, J=5.4Hz, 1H, btp) , 8.10 (d, J=5.4Hz, 
1H, btp), 7.65 (m, 6H, btp), 7.1-6.7 (m, 10H, aromatic), 6.40 (d, 
J=8.1Hz, 1H, btp), 6.27 (d, J=8.1Hz, 1H, btp), 6.12 (s, 1H, 
10 olefinic), 5.71 (s, 1H, olef inic) , 5.19 (s, 1H, diketonate- 
methine), 2.51 (m, 2H, C 2 H 4 ) , 2.39 (m, 2H, C 2 H«), 1.89 (s, 3H, 

* 

methacryl-methyl), 1.80 (s, 3H, diketonate-methyl) . 
Elementary analysis Calcd: C 56.93, H 3.75, N 3.16. (C« 2 H 33 IrN 2 0 4 S 2 ) 

Found: C 57.09, H 3.77, N 4.18. 




15 Ir (btp) 2 [(1-(0H-Ph-Me) -acac) ] Ir (btp) 2 [ (l-(MA-Ph-Me) -acac)] 



Example 65 : Synthesis of a polymer izable compound {6- [4- (2- 
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methacryloyloxy) ethylcarbamoyloxyphenyl]-2, 4-hexanedionato} 
bis [2- (2-pyridyl) benzothienyl] iridium (III) (hereinafter 

♦ • 

abbreviated as Ir(btp) 2 [l-(MOI-Ph-Me)-acac] ) 

As shown in the Reaction Scheme below, Ir (btp) 2 [1- (OH- 
5 Ph-Me)-acac] obtained in Example 64 and 2-methacryloyloxyethyl 
isocyanate (Trade name "Karenz MOI", manufactured by Showa Denko 
K. K., hereinafter sometimes referred to as n MOI") were allowed 
to react to synthesize Ir (btp) 2 [1- (MOI-Ph-Me) -acac] . 

That is, to a solution of 215 mg (0.26 mmol) of 

10 Ir (btp) 2 [l- (OH-Ph-Me)-acac] in 10 ml of THF were added 4.0 mg (0,18 
mmol) of BHT, 35 mg of dibutyltin (IV) dilaurate (hereinafter 
abbreviated as DBTL) and 401 mg (2 . 58 mmol) of MOI, and the mixture 
was heated for 3 hours under reflux in a hot water bath. Then/ 
the reaction mixture cooled to room temperature was dried under 

15 reduced pressure and the residue was purified through a silica 
gel column (eluent : a mixed solvent of hexane/dichloro- 
methane/acetone of 5:10:1 (by volume ratio) ) . A band containing 
a main product having a reddish brown color that eluted first was 
separated and concentrated to dryness under reduced pressure to 

20 obtain 223 mg (0.23 mmol) of the objective Ir (btp) 2 [1- (MOI- 
Ph-Me) -acac) ] as reddish brown solid. Yield: 87%. 
Identification was performed by elementary analysis of C, H and 
N and X H-NMR. 

^-NMR (CDC1 3/ ppm) : 5 8.40 (d, J=5.7Hz, 1H, btp), 8.12 (d, J=5.1Hz, 
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1H, btp), 7.65 (m, 6H, btp), 7.1 - 6.7 (m, 10H, aromatic), 6.25 

■ 

(d, J=8.4Hz, 1H, btp), 6.20 (d, J«8.1Hz, 1H, btp) , 6.16 (s, 1H, 
olefinic)/ 5.63 (s, 1H, olef inic) / 5.26 (br-s, 1H, NH), 5.21 (s, 
1H, di ketonate-me thine ) , 4.31 (t, J=5.4Hz, 2H, N-C 2 H 4 -0) , 3.59 
5 (t, J=5.4Hz, 2H, N-C 2 H 4 -0), 2.55 (m, 2H, C-C 2 H 4 -C) , 2.34 (m, 2H, 
C-C 2 H 4 -C), 1.98 (s, 3H, methacryl -methyl) , 1.76 (s, 3H, 
diketonate-methyl) . 

Elementary analysis Calcd: C 55.54, H 3.94, N 4.32. (C 45 H 38 IrN 3 0 6 S 2 ) 

Found: C 55.13, H 3.89, N 4.58. 




10 Ir(btp) 2 [(l-(OH-Ph-Me)-acac)] Ir (btp) 2 [ (1- (MOI-Ph-Me) -acac) ] . 

Example 66 : Synthesis of a polymerizable compound [l-(2- 
methacryloyloxy) ethylcarbamoyloxy-2, 4-pentanedionato] bis [2- 
(2-pyridyl)benzothienyl] iridium (III) (hereinafter abbreviated 
15 as Ir (btp) 2 (l-MOI-acac) 

(1) As shown in the Reaction Scheme below, [Ir (btp) 2 Cl] 2 
synthesized by a conventional method and (1-tert- 
butyldimethylsilyloxy)-2,4-pentanedione (l-TBDMSO-2, 4- 

pentanedione) synthesized by referencing the known method (EP 
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Patent No. 0514217) were allowed to react to synthesize 
Ir (btp) 2 (l-OH-acac) . 

That is, 449 mg (0.35 mmol) of [Ir (btp) 2 Cl] 2 and 137 mg (1.29 

* 

mmol) of sodium carbonate were dissolved in a solution of 310 mg 
5 (1.35 mmol) of l-TBDMSO-2, 4-pentanedione in 15 ml of DMF, and the 
mixture was heated at 80°C for 1 hour with stirring. The obtained 
reaction mixture was cooled to room temperature and chloroform 
and dilute hydrochloric acid were added thereto, and well shaken. 
Subsequently, the organic layer was washed with water, and the 

10 solvent was distilled off under reduced pressure. The residue 
was purified by silica gel column chromatography (eluent : 
dichlorome thane) and the compound having a reddish brown color 
that eluted first was separated and concentrated to dryness under 
reduced pressure. The obtained solid was dissolved in 10 ml of 

15 dry THF and 0.60 ml (0.60 mmol) of a 1.0 M THF solution of 
tetra-n-butylammonium fluoride (n-Bu 4 NF) was dripped thereto 
while vigorously stirring the mixture. The solution was stirred 
at room temperature for 0 . 5 hour and then the solvent was distilled 
off under reduced pressure. The residue was purified by silica 

20 gel column chromatography (eluent : a mixed solvent of hexane/ 
dichlorome thane/ acetone of 5:10:2 (by volume ratio)). 
Separation of a main product having a reddish brown color and 
drying it under reduced pressure afforded 360 mg (0.49 mmol) of 
the objective Ir (btp) 2 (1-OH-acac) as reddish brown solid. Yield: 

+ ■ 
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71%. Identification was performed by elementary analysis of C, 
H and N and ^-NMR. 

^-NMR (CDC1 3 , ppm) : 6 8.40 (d, J=5.4Hz, 1H, btp) ,8.35 (d, J=5.1Hz, 
1H, btp), 7.79 (m, 2H, btp), 7.63 (m, 4H, btp), 7.04 (m, 4H, btp), 
5 6.81 (t, J=7.3Hz, 2H, btp), 6.20 (t, J=6.8Hz, 2H, btp), 5.24 (s, 
1H, diketonate-methine) , 3.89 (dd, J=8.1, 5.1Hz, 1H, -CHH'-OH), 
3.80 (dd, J=8.1, 5,1Hz, 1H, -CHH'-OH), 2.92 (t, J=5.1Hz, 1H, OH) , 

* 

1.83 (s, 3H, diketonate-methyl) , 
Elementary analysis Calcd: C 51.15, H 3.18, N 3.85. (C 31 H 2 jIrN 2 0jS 3 ) 
10 Found: C 51.41, H 3.36, N 3.49. 




Ir(btp) 2 (l-OH-acac) 



(2) As shown in the Reaction Scheme below, Ir (btp) 2 (1-OH-acac) 
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was allowed to react with MOI by addition reaction to synthesize 
Ir (btp) 2 (1-MOI-acac) . 

That is, 177mgof Ir (btp) 2 (1-OH-acac) , 3.0 mg (0. 086 mmol) 
of BHT and 20 mg (0.032 mmol) of DBTL were dissolved in 10 ml of 
5 THF and 1 00 mg (0.64 mmol ) of MOI was added thereto . The obtained 
mixture was heated under reflux for 2 hours in an oil bath. Then, 
the reaction mixture cooled to room temperature was dried under 
reduced pressure and the residue was purified by silica gel column 
chromatography (eluent : a mixed solvent of hexane/dichloro- 

10 methane/acetone of 10:20:3 (by volume ratio)) . A main product 
having a reddish brown color that eluted second was separated and 
concentrated to dryness under reduced pressure. The solid was 
dissolved in a mixed solvent of dichloromethane/hexane and 
recrystallized therefrom at -20°C to obtain 173 mg (0.20 mmol) 

15 of the objective Ir (btp) 2 ( 1-MOI-acac) as reddish brown needle 

!■ 

crystal. Yield: 81%. Identification was performed by 
elementary analysis of C, H and N and ^-NMR. 

1 H-NMR (CDCI3, ppm) : 6 8.49 (d, J=5.7Hz, 1H, btp), 8.40 (d, J=5.4Hz, 
1H, btp), 7.74 (m, 2H, btp), 7.61 (m, 4H, btp), 7.03 (m, 4H, btp), 
20 6.80 (m, 2H, btp), 6.21 (m, 2H, btp), 6.06 (s, 1H, olef inic) , 5.55 
(s, 1H, olefinic), 5.31 (s, 1H, di ketonate-me thine ) , 4.92 (br-s, 
1H, NH), 4.25 (s, 2H, N-C (=0) -0-CH 2 -) , 3.97 (m, 2H, N-CH 2 -CH 2 - 
0), 3.16 (m, 2H, N-CH 2 -CH 2 -0) , 1.91 (s, 3H, CH 3 C (=CH 2 ) -) , 1.81 (s, 

3H, diketonate-methyl) . 
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Elementary analysis Calcd: C 51.69, H 3.65, N 4.76. (C 3e H3 2 IrN 3 0 6 S 2 ) 

Found: C 51.88, H 3.65, N 4.51. 




Ir (btp) 2 [ (1- (OH-Ph-Me) -acac) ] Ir (btp) 2 C (1- (MOI-Ph-Me) -acac) ] 



5 Example 67 : Synthesis of N-vinylcarbazole/Ir (btp) 2 [1- (StMe)- 
acac] copolymer (hereinafter, abbreviated as VCz-co- 
Ir (btp) 2 [1- (StMe) -acac]) 

The titled copolymer was synthesized as a light emitting 
material containing Ir (btp) 2 [1- (StMe) -acac] as a unit having the 

i 
I 

10 function of luminescence and N-vinylcarbazole as a unit having 
the function of hole transportation. 

1.55 g (8.0 mmol) of N-vinylcarbazole, 33 mg (0.04 mmol) 
of Ir (btp) 2 [1- (StMe) -acac], and 13 mg (0.08 mmol) of AIBN were 
dissolved in 40 ml of dry toluene and argon was blown into the 

15 obtained solution for 1 hour. This solution was wanned up to 80°C 
to initiate polymerization reaction and the reaction mixture was 
stirred as it was for 8 hours . After cooling, the reaction mixture 
was dripped into 250 ml of methanol to precipitate a polymer, which 
was recovered by filtration. Further, the recovered polymer was 
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dissolved in 25 ml of chloroform. This solution was purified by 
dripping it into 250 ml of methanol to reprecipitate the polymer 
and dried in vacuum at 60°C for 12 hours to obtain 1.11 g of the 
objective compound VCz-co-Ir (btp) 2 [l- (StMe) -acac] . Table 7 
5 shows yields, results of GPC measurements, and Ir complex contents 
measured by ICP elementary analyses. 



Examples 68 to 70 

Copolymers were synthesized in the same manner as in Example 
10 67 except that in place of [1- (StMe) -acac] the polymerizable 
compounds prepared in Examples 64 to 66, respectively, were used. 
Table 7 shows yields, results of GPC measurements, and Ir complex 
contents measured by ICP elementary analyses . 
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Examples 71 to 74 : Fabrication and evaluation of organic light 
emitting element 

Organic light emitting devices were fabricated in the same 
manner as in Examples 57 to 62 except that the light emitting 

■ 

materials shown in Table 8 were used and their luminance was 
measured. 

As a result , the luminescence starting voltage and initial 
luminance at 20 V as shown in Table 8 were obtained (average of 
four devices for each light emitting material). 
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♦ 

Example 75 : Synthesis of a polymerizable compound bis (2- (4- 
methacryloyloxyphenyDpyridinato) (acetylacetonato) Iridium 
(III) (hereinafter abbreviated as Ir (4-MA-PPy) 2 (acac) ) 
(1) As shown in the Reaction Scheme below, a binuclear complex 
5 of iridium, di (n-chloro) tetrakis (2- (4-hydroxyphenyl) pyridine) 

diiridium (III) (hereinafter abbreviated as [Ir (4-HO-PPy) 2 Cl] 2 ) 

was synthesized. , 

That is, 0.86 g (5.0 mmol) of 4 -HO-PPy prepared in the same 

manner as in Example 27(1) and (2) and 1.00 g of sodium 
10 hexachloroiridate (III) hydrate were dissolved in 40 ml of a mixed 

solvent of 2-ethoxyethanol:water=3:l (by volume ratio) and argon 

gas was blown into the obtained solution for 30 minutes. 

Thereafter, the solution was stirred under reflux for 6 hours. 

Then, the solvent was distilled off and the remaining solid was 
15 washed with distilled water and with chloroform, followed by 

drying in vacuum for 5 hours to obtain 0 . 63 g of [Ir (4-HO-PPy) 2 C1] 2 

as yellow powder. Yield: 74%. Identification was performed by 

elementary analysis of C, H and N and ^-NMR. 

'H-NMR (DMSO-dg, ppm) : 5 9.66 (d, 2H, J=5.9Hz), 9.38 (d, 2H, 
20 J=5.7Hz), 8.0-7.9 (m, 8H) , 7.61 (d, 2H, J=8.1Hz), 7.54 (d, 2H, 
J=8.4Hz), 7.38(dd, 2H, J=6.2, 6.2Hz), 7.26(dd, 2H, J=5.7, 5..7HZ), 
6.33 (dd, 2H, J=8.6, 2.4Hz), 6.28 (dd, 2H, J=8.4, 2.4Hz) , 5.67(d, 
2H, J=2.2Hz), 5.12(d, 2H, J=2.4Hz) . 

* * 
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Elementary analysis Calcd: C 46,52, H 2.84, M 4.93. 

Found: C 46.66, H 2.89, N 4.90. 



4 




[Ir(4-HO-PPy) 2 Cl] 2 



(2) As shown in the Reaction Scheme below, bis (2- (4- 
5 hydroxyphenyl)pyridinato) (acetylacetonato) iridium (III) 
(hereinafter abbreviated as (Ir (4-HO-PPy) 2 (acac) ) was 
synthesized. 

That is, 20 ml of dry N, N-dimethylf ormamide (hereinafter 

abbreviated as DMF) and 60.0 mg (0.6 mmol) of 2, 4-pentanedione 

I- 

10 were added to 227.2 mg (0.2 mmol) of [Ir (4-HO-PPy) 2 Cl] 2 and 212.0 
mg (2.0 mmol) of sodium carbonate under argon stream and the 

* 

mixture was stirred at 80°C for 2 hours. After adding 50 ml of 
water, the reaction mixture was extracted with chloroform and 
washed with saturated saline and with distilled water. The 
15 organic layer was dried over magnesium sulfate and then 
concentrated and purified by column chromatography (silica gel, 
methanol : chloroform=5: 95 by volume ratio). Further 
purification of the product by recrystallization from 
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hexane/acetone afforded 152.0 mg of Ir (4-HO-PPy) 2 (acac) as yellow 
crystal. Yield: 60%. Identification was performed by 
elementary analysis of C, H and N and ^-NMR. 

X H-NMR (CDC1 3 , ppm) : 5 8.35 (d, 2H, J=5.7Hz), 7. 7-7. 6 (m, 4H) , 
7.41 (d, 2H, J=10.6Hz), 7.04(ddd, 2H, J=5.8, 5.8, 2.4Hz), 6.33(dd, 
2H, J=8.4, 2.4Hz), 5.70(d, 2H, J=2.7Hz), 5.24(s, 1H) , 1.78(8, 6H) . 

* - . 

Elementary analysis Calcd: C 51.34, H 3.67, N 4.43. 

Found: C 51.31, H 3.76, N 4.40. 




H,C 



rv 

0 0 



[Ir (4-HO-PPy) 2 Cl] 2 



Na 2 C0 3 



DMF 



H,C 



2 




Ir (4-HO-PPy) 2 (acac) 



(3) As shown in the Reaction Scheme below, Ir (4-MA-PPy)j (acac) 
was synthesized. 

> 

That is, 63.2 mg (0.1 mmol) of Ir (4-HO-PPy) 2 (acac) and 0.1 
mg of 2, 6-di-tertbutyl-4-methylphenol (hereinaf ter abbreviated 
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as BHT) were dissolved in 10 ml of dry THF under argon stream. 
To the solution were added 81.0 mg (0.8 mmol) of triethylamine 
and 41.8 mg (0.4 mmol) of methacryloyl chloride and the mixture 
was stirred at room temperature for 2 hours. 100 ml of water was 
5 added to the reaction mixture and the reaction mixture was 
extracted with chloroform. The extract was washed with saturated 
saline and with distilled water. The organic layer was dried over 
magnesium sulfate, concentrated and purified by columri 
chromatography (silica gel, methanol : chloroform=2 : 98 by volume 
10 ratio) . Recrystallization of the product from hexane/ 
chloroform afforded 65.3 mg of Ir (4-MA.-PPy) 2 (acac) as yellow 
crystal. Yield: 85%. Identification was performed by 
elementary analysis of C, H and N and 1 H-NMR. 

■ 

^-NMR (DMSO-de, ppm) : 5 8.38(d, 2H, J=5.7Hz), 8.15(d, 2H, 
15 J=8.6Hz) / 7.95(m, 2H), 7.78(d, 2H, J=8.9Hz), 7.39(m, 2H) , 6.61(dd, 
2H, J=8.4, 2.4Hz), 6.09(s, 2H) , 5.76(s, 2H), 5.71(d, 2H, J=2.4Hz) / 
5.27(8, 1H), 1.86(s, 3H), 1.73(s, 3H) . 
Elementary analysis Calcd: C 54.75/ H 4.07, N 3.65; 

Found: C 54.68, H 4.13, N 3.61. 
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Ir (4-HO-PPy) 2 (acac) 




Ir(4-MA-PPy) 2 (acac) 



Example 76 : Synthesis of a polymer izable compound bis(2-(4~i 
(2-methacryloyloxy) ethylcarbamoyloxy) phenyl Jpyridinato) 

•I 

(acetylacetonato) Iridium (III) (hereinafter abbreviated as 
Ir (4-MOI-PPy) 2 (acac) ) 

As shown in the Reaction Scheme below, Ir (4-MOI-PPy) 2 (acac) 
was synthesized. 

That is, 63.2 mg (0.1 mmol) of Ir (4-HO-PPy) 2 (acac) , the 
intermediate in Example 75, 0.2 mg of BHT and 1.3 mg of dibutyltin 
(IV) dilaurate (hereinafter abbreviated as DBTL) were dissolved 
in 10 ml of dry THF under argon stream. To this solution was 
further added 62.0 mg (0.4 mmol) of 2-methacryloyloxyethyl 
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isocyanate (Trade name "Karenz MOI", manufactured by Showa Denko 
K. K. , hereinafter sometimes referred to as "MOI") and the mixture 
was stirred at 50°C for 1 hour. To the reaction mixture was added 
50 ml of water and then the reaction mixture was extracted with 
chloroform. The extract was washed with saturated saline and with 
distilled water. After drying the organic layer over magnesium 
sulfate/ it was concentrated and purified by column 
chromatography (silica gel, methanol :chloroform=5: 95 (by volume 
ratio)). Recrystallization of the purified product from 
hexane/chloroform afforded 73.5 mg of Ir (4-MOI-PPy) 2 (acac) as 
yellow crystal. Yield: 78%. Identification was performed by 
^-NMR and elementary analysis of C, H and N. 

^-NMR (DMSO-d*, ppm) : 5 8.37 (d, 2H, J=5.9Hz), 8.1 (d, 2H, J=7.8Hz), 

7.93(dd, 2H, J-8.0, 8.0Hz), 7.70(d, 2H, J=8 . 6Hz) , 7 . 64 (t, 2H) , i 

i 

7.4(dd, 2H, J=6.3, 6.3Hz), 6.56(dd, 2H, J=8.2, 2.3Hz), 6.02(3, ! 
2H), 5.7-5. 6 (m, 4H) , 5.26 (s, 1H) , 4.06(t, 4H, J=5.4Hz), 3.3 (m, 
4H, overlapped with H 2 0) , 1.85(s, 6H) , 1.73(8, 6H) . 
Elementary analysis Calcd: C 52.28, H 4.39, N 5.95. 

Found: C 52.22, H 4.47, N 5.86. 



- 291 - 



WO 03/001616 PCT/JP02/06139 




Ir(4-MOI-PPy) 2 (acac) 

* * 

Example 77 : Synthesis of a polymerizable compound bis (2- (4- 
(4-vinylbenzyloxy) phenyl )pyridinato) (acetylacetonato) Iridium 
5 (III) (hereinafter abbreviated as Ir (4-ST-PPy) 2 (acac) ) . 

As shown in the Reaction Scheme below, Ir (4-ST-PPy) 2 (acac) 
was synthesized. 

That is, 63.2 mg (0.1 mmol) of Ir (4-HO-PPy) 2 (acac) , the 
intermediate in Example 75, 0.2 mg of BHT and 138.2 mg (1.0 mmol) 
10 of potassium carbonate were dissolved in 10 ml dry DMF under argon 
stream. To this solution was added 61.0 mg (0.4 mmol) of 4- 
vinylbenzyl chloride, and the mixture was stirred at 80°C for 6 
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hours. To the reaction mixture was added 50 ml of water and the 
reaction mixture was extracted with chlordf orm. The extract was 
washed with saturated saline and with distilled water. After 
drying the organic layer over magnesium sulfate/ it was 
5 concentrated and purified by column chromatography (silica gel, 
methanol : chloroform=5: 95 (by volume ratio) ) . Recrystallization 
of the purified product from hexane/chloroform afforded 62.2 mg 
of Ir (4-ST-PPy) 2 (acac) as yellow crystal. Yield: 72%. 
Identification was performed by 1 H-NMR and elementary analysis 
10 of C, H and N. 

a H-NMR [DMSO-d*, ppm) : 5 8.37(d, 2H, J=5.9Hz), 8.13(d, 2H, 
J=8.4Hz), 8.0-7.9(111, 2H) , 7.75 (d, 2H, J=8.9Hz), 7.5-7.3(111, 10H) , 
6.73 (m, 2H), 6.59 (dd, 2H, J=8.2, 2.4Hz), 5.88 (d, 2H, J=17.8Hz), 
5.73(d, 2H, J=2.4Hz), 5.3-5.2 (m, 7H) , 1.78(s, 3H) . i 
15 Elementary analysis Calcd: C 62.55, H 4.55, N 3.24. 

■ 

I 

Found: C 62.58, H 4.65, N 3.20. 
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2 H 2 C==CH 




H 2 -C1 



Ir(4-HO-PPy) 2 (acac) 



K 2 CO : 



DMF 



H 2 C=CH— f V-CHg-O. 




O-CH, 



Ir (4-ST-PPy) 2 (acac) 



Example 78 : Second method for the synthesis of a polymerizable 
compound Ir (4-MA-PPy) 2 (acac) 
5 (1) As shown in the Reaction Scheme below, 2-(4- 
methacryloyloxyphenyl) pyridine (hereinafter abbreviated as 4- 
MA-PPy) was synthesized. 

That is, 3.42 g (20.0 mmol) of 4-HO-PPy, the intermediate 
in Example 75 was dissolved in 20 ml of dry dichloromethane under 
10 argon stream. To this solution was added 6.07 g (60.0 mmol) of 
triethylamine and 3.14 g (30.0 mmol) of methacryloyl chloride was 
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dripped to the mixture over 1 hour and then the resultant mixture 
was stirred at room temperature for 2 hours. To the reaction 
mixture was added 100 ml of water and the mixture the reaction 
mixture was extracted with chloroform. The extract was washed 
5 with saturated saline and with water. After drying the organic 
layer over magnesium sulfate, it was concentrated and purified 
by column chromatography (silica gel, chloroform). 
Recrystallization of the purified product f rom hexane/chlorof orm 
afforded 4.16 g of 4-MA-PPy as colorless crystal. Yield: 87%. 
10 Identification was performed by X H-NMR and elementary analysis 
of C, H and N. 

l H-NMR (CDC1 3 , ppm) : 5 8.63(d, 1H, J=4.9Hz), 7.98 (d, 2H, J=8.6Hz), 
7.5-7.6(m, 2H), 7.2-7.1(m, 3H) , 6.01(s, 1H) , 5.53(s 1H) , 1.83(s, 

.3H) . 

15 Elementary analysis Calcd: C 75.30, H 5.48, N 5.85. 

Found: C 75.26, H 5.53, N 5.79. 




(2) As shown in the Reaction Scheme below, a binuclear complex 
of iridium, di (ji-chloro) tetrakis (2- (4-methacryloyloxy- 
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phenyl) pyridine) diiridium (III) (hereinafter abbreviated as 
[Ir (4-MA-PPy) 2 Cl] 2 ) was synthesized. 

That is, 1,20 g (5.0 mmol) of 4-MA-PPy and 1.00 g of sodium 
hexachloroiridate (III) hydrate were dissolved in 40 ml of a mixed 
solvent of 2-ethoxyethanol : water=3 : 1 (by volume ratio) and argon 
gas was blown into the obtained solution for 30 minutes. 

* - ■ 

Thereafter, the solution was stirred under reflux for 6 hours . 
The precipitate formed was collected by filtration and washed with 
ethanol and with a small amount of acetone, followed by drying 
in vacuum for 5 hours to obtain 0.87 g of [Ir (4-MA-PPy) 2 Cl] 2 as 
yellow powder. Yield: 82%. Identification was performed by 
*H-NMR and elementary analysis of C, H and N. 

^-NMR (DMSO-d 6 , ppm) : 5 9.64 (d, 2H, J=5.7Hz), 9.37 (d, 2H, 
J=5.7Hz), 8. 2-8. l(m, 4H) , 7.75(m, 4H) , 7.6-7.5(m, 8H) , 6.56(m, 
4H), 5.87(d, 2H, J=2.4Hz), 5.38(d, 2H, J=2.4Hz) , 6.09(s, 2H) , 
6.03(s, 2H), 5.79(s, 2H) , 5.74(s, 2H) , 1.89(s, 6H) , 1.87 (s, 6H) . 
Elementary analysis Calcd: C 51.17, H 3.44, N 3.98. 

Found: C 51.13, H 3.51, N 3.97. 
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2Na 3 IrCl 6 , JiH 2 0 
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CH 3 
H 2 C=C-C-0 
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H 2 C=C-C-0 
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CH 3 
0-C-C=CH 2 

° CH 3 
0 



[Ir (4-MA-PPy) 2 Cl] 2 



(3) As shown in the Reaction Scheme below, Ir (4-MA-PPy) 2 (acac) 

" ■ i 

was synthesized. 

That is, 20 ml of dry DMF and 60.0 mg (0.6 mmol) oi 
5 2,4-pentanedione were added to 281.7 mg (0.2 mmol) of [Ir(4- 
MA~PPy) 2 Cl] 2 and 212.0 mg (2.0 mmol) of sodium carbonate. The 
mixture was stirred at 80°C for 2 hours. After adding 100 ml of 
water to the reaction mixture, the reaction mixture was extracted 
with chloroform and the extract was washed with saturated saline 
10 and with distilled water. After drying the organic layer over 

♦ 

magnesium sulfate, it was concentrated and purified by column 
chromatography (silica gel, methanol :chloroform=2 : 98 (by volume 
ratio)). Recrystallization of the purified product from 
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* 

hexane/chloroform afforded 221.1 mg of Ir (4-MA-PPy) 2 (acac) as 
yellow crystal. Yield: 72%. Identification was performed by 

^-NMR and elementary analysis of C, H and N, which verified that 

■ 

this was identical with the compound synthesized in Example 75 • 




[Ir(4-MA-PPy) 2 Ci] 2 




Ir(4-MA-PPy) 2 (acac) 

Example 79 : Synthesis of N-vinylcarbazole/Ir (4-MA-PPy) 2 (acac) 
copolymer (hereinafter, abbreviated as VCz-co-Ir (4-MA- 
PPy) 2 (acac) ) 

■ 

The titled copolymer was synthesized as a light emitting 
material containing Ir (4-MA-PPy) 2 (acac) as a unit having the 

» 
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function of luminescence and N-vinylcarbazole as a unit having 
the function of hole transportation. 

966 mg (5.0 mmol) of N-vinylcarbazole, 38.4 mg (0.05 mmol) 
of Ir (4-MA-PPy) 2 (acac) , and 8.2 mg (0.05 mmol) of AIBN were 
5 dissolved in 25 ml of dry toluene and argon was blown into the 
obtained solution for 1 hour. This solution was warmed up to 80°C 
to initiate polymerization reaction and the reaction mixture was 
stirred as it was for 8 hours . After cooling, the reaction mixture 
was dripped into 250 ml of methanol to precipitate a polymer, which 

10 was recovered by filtration. Further, the recovered polymer was 
dissolved in 25 ml of chloroform. This solution was purified by 
dripping it into 250 ml of methanol to reprecipitate the polymer 
and dried in vacuum at 60°C for 12 hours to obtain 755 mg of the 
objective compound VCz-co-Ir (4-MA-PPy) 2 (acac) . Table 9 shows 

15 yields, results of GPC measurements, and Ir complex contents 
measured by ICP elementary analyses . Ir (4-MA-PPy) 2 (acac) , which 
was a bifunctional monomer, had a low degree of crosslinking so 
that produced no insoluble matter since its amount was very small 
as compared with the amount of N-vinylcarbazole. 

20 

Examples 80 to 81 

Copolymers were synthesized in the same manner as in Example 
79 except that in place of Ir (4-MA-PPy) 2 (acac) , equivalent moles 
of the polymerizable compounds prepared in Examples 76 to 77, 
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respectively, were used. Table 9 shows yields, results of GPC 
measurements, and Ir complex contents measured by ICP elementary 
analyses . 
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Examples 82 to 84 : Fabrication and evaluation of organic light 
emitting element 

Organic light emitting devices were fabricated in the same 
manner as in Examples 57 to 62 except that the light emitting 

♦ 

5 materials shown in Table 10 were used and their luminance was 
measured. 

As a result, the luminescence starting voltage, initial 
luminance at 15 V, and luminance after 240 hours' continuous 
luminescence at a f ixed voltage of 15 V as shown in Table 10 were 
10 obtained (as average values of four devices for each light 
emitting material) . 

Comparative Example 4 

Organic light emitting devices were fabricated in the same 
15 manner as in Examples 82 to 84 except that a coating solution was 
prepared by dissolving containing 19.5 mg of poly(N- 
vinylcarbazole) (manufactured by Tokyo Kasei Kogyo Co., Ltd.) as 
a hole transporting material, 1.5 mg of a compound of the formula 




20 synthesized by the known method (S. Lamansky, et al., Inorganic 

■ 
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Chemistry, 1704 (2001) ) as a light emitting material, and 9.0 
mg of 2- {4-biphenyl) -5- (4-tert-butylphenyl) -1, 3, 4-oxadiazole 
(PBD) (manufactured by Tokyo Kasei Kogyo Co . , Ltd. ) were dissolved 
in 2970 mg of chloroform (manufactured by Wako Pure Chemical 
5 Industries, Ltd.) and the obtained solution was filtered through 
a filter having a pore size of 0.2 pm, and luminance of the devices 
was measured. As a result, the luminescence starting voltage, 
initial luminance at 15 V, and luminance after 200 hours' 
continuous luminescence at a fixed voltage of 15 V as shown in 
10 Table 10 were obtained (as average values of four devices for each 
light emitting material) . 



Table 10 



Example 


Luminescence 
Starting 
Voltage 
(V) 


15V Limunance ( cd/m 2 ) 


Initial 


After 200 Hours 


85 


7 


370 


330 


86 


7 


330 


290 


87 


7 


410 


350 


Comparative 
Example 4 


7 


360 


120 

* 



INDUSTRIAL APPLICABILITY 

By using the polymer light emitting material of the present 
invention, energy in an excited triplet state can be efficiently 
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converted to light emission or luminescence so that an organic 
light emitting device exhibiting high luminance and high 
durability can be provided • 

Furthermore, by using non-crosslinking and/or 
5 crosslinking polymer light emitting material obtained by forming 
the polymerizable light emitting compound into a f ilm, an organic 
light emitting device having good processability can be provided. 

The polymerizable compounds of the formulae (C-l) / (D- 
1), (E-l), (F-l) or (G-l) give rise to novel polymers containing 

10 an iridium complex part. By using such polymers as a light 
emitting materials for organic light emitting devices/ organic 
light emitting devices that efficiently emit from an excited 
triplet state, are excellent in stability, can be designed so 
as to have a large area and hence are suitable for mass production 

15 can be provided. 
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CLAIMS 

1. A polymer light emitting material, wherein the material 
has a light emitting mechanism based on transition from an excited 
5 triplet state to a ground state or transition through an excited 
triplet state to a ground state of an electron energy level, and 
the material comprises a nonionic light emitting part which 
.constitutes a part of the polymer or is bound to the polymer. 

10 2. The polymer light emitting material according to claim 1, 
wherein the light emitting part is formed by binding a metal atom 
to at least one site of the polymer. 

3. The polymer light emitting material according to claim 2, 
15 wherein the metal atom is bound by one or more covalent bonds and/or 

one or more coordinate bonds. 

4. The polymer light emitting material according to claim 1, 
wherein the light emitting part is a metal complex structure 

20 having a metal atom or an organometallic structure having a metal 
atom. 

5 . The polymer light emitting material according to claim 2 
or 4, wherein the metal atom is a transition metal atom. 
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* • 

■ 

6. The polymer light emitting material according to claim 5, 

wherein the transition metal atom is a transition metal atom 

■ 

belonging to the sixth period of the periodic table. 

5 

7. The polymer light emitting material according to claim 6, 
wherein the transition metal atom is iridium. 

8. The polymer light emitting material according to claim 6, 
10 wherein the transition metal is platinum. 

♦ 

* » 

9. The polymer light emitting material according to claim 2 
or 4, wherein the metal atom is a rare earth metal atom. 

15 10. The polymer light emitting material according to any one 
of claims 1 to 9, wherein the light emitting part is formed by 
binding containing a coordinate bond formed by a metal atom and 
a nitrogen atom of the polymer. 

20 11. The polymer light emitting material according to claim 10, 
wherein the nitrogen atom of the polymer is a nitrogen atom of 
a pyridine skeleton and/or pyrimidine skeleton and/or quinoline 
skeleton on the side of the polymer. 

■ * ■ 

♦ 
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12. The polymer light emitting material according to claim 10, 
wherein the nitrogen atom of the polymer is a nitrogen atom of 
a phenylpyridine skeleton on the side of the polymer. 



13. The polymer light emitting material according to claim 10, 
wherein the nitrogen atom of the polymer is a nitrogen atom of 
a benzothieinyl-pyridine skeleton on the side of the polymer. 



14. The polymer light emitting material according to claim 1, 
comprising a light emitting part that contains a phosphorescent 
moiety and a fluorescent moiety with fluorescence occurring from 
the fluorescent moiety through an excited triplet state of the 
phosphorescent moiety and an excited triplet state of the 
fluorescent moiety, wherein at least one of the phosphorescent? 
moiety and the fluorescent moiety constitutes a part of the' 
polymer or is bound to the polymer. ' 



15. The polymer light emitting material according to claim 1, 
wherein the material is obtained by polymerizing a polymerizable 
composition containing at least one light emitting compound. 



16. The polymer light emitting material according to claim 15, 
wherein the light emitting compound is a polymerizable light 
emitting compound. 
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17. The polymer light emitting material according to claim 15, 
wherein the polymer obtained by polymerizing the composition has 
no crosslinking structure. 

5 

18 . The polymer light emitting material according to claim 16, 
wherein the at least one polymerizable light emitting compound 
is a crosslinking polymerizable light emitting compound having 
two or more polymerizable functional groups and the polymer after 

10 the polymerization is a crossllnked polymer. 

» 

19. The polymer light emitting material according to any one 
of claims 15 to 18, wherein the polymerizable composition contains 
at least one polymerizable compound other than the light emitting 

15 compound. 

20. The polymer light emitting material according to claim 19, 
wherein the at least one polymerizable compound other than the 

« * 

light emitting compound is a polymerizable electron transporting 
20 compound. 

21. The polymer light emitting material according to claim 19, 

■ 

* 

wherein at least one polymerizable compound other than the light 
emitting compound is a crosslinking polymerizable compound having 

• 4 
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two or more polymerizable functional groups 



22. The polymer light emitting material according to claim 15, 
wherein a light emitting part of the polymer light emitting 
material is a metal complex structure having a metal atom or an 
organometallic structure having a metal atom. 



23. The polymer light emitting material according to claim 22, 
wherein the metal atom is a transition metal atom. 



24. The polymer light emitting material according to claim 22, 
wherein the metal atom is a rare earth metal atom. 



25. The polymer light emitting material according to any one 
of claims 22 to 24, wherein the light emitting part contains a 
nitrogen atom in a complex structure forming part or in an 
organometallic structure forming part. 



26. The polymer light emitting material according to claim 25, 
wherein the light emitting part has a pyridine skeleton, a 
pyrimidine skeleton and/or a quinoline skeleton in a complex 
structure forming part or in an organometallic structure forming 
part. 
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27. The polymer light emitting material according to claim 16, 
wherein the polymerizable light emitting compound is a 
polymerizable compound represented by the formula (Ol) below: 




(C-l) 



wherein at least one of A c , B c , and C c represents a substituent 
having a polymerizable functional group, and the remainder of A c , 
B c , and cf independently represent a hydrogen atom, a halogen atom, 
a nitro group, an amino group, a sulfonic acid group, a sulfonic 
acid ester group, or an organic group having 1 to 20 carbon atoms 

i 

which may have one or more heteroatoms; and R 1 to R 21 independently 
represent a hydrogen atom, a halogen atom, a nitro group, an amino 
group, a sulfonic acid group, a sulfonic acid ester group, or an 
organic group having 1 to 20 carbon atoms which may have one or 
more heteroatoms. 

28. The polymer light emitting material according to claim 16,. 
wherein the polymerizable light emitting compound is a 
polymerizable compound represented by the formula (D-l) below: 
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(D-l) 



wherein at least one of X 1D , Y 1D , and Z 1D represents a substituent 
having a polymerizable functional group, and the remainder of X 1D , 
Y 1D , and Z 1D independently represent a hydrogen atom, or an organic 
group having 1 to 20 carbon atoms which may have one or more 
heteroatoms; and R 1 to R 16 independently represent a hydrogen atom, 
a halogen atom, a nitro group, an amino group, a sulfonic acid 
group, a sulfonic acid ester group, or an organic group having 

« 

i 

1 to 20 carbon atoms which may have one or more heteroatoms. , 

i 

■ 

< 

• • • i 

?9. The polymer light emitting material according to claim 16, 

wherein the polymerizable light emitting compound is a 

polymerizable compound represented by the formula (E-l) below: 
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(E-l) 



wherein X s represents a substituent having a polymer izable 
functional group; R 1E , R 2B and R 3E independently represents a 
hydrogen atom, a halogen atom, or an organic group having 1 to 
5 20 carbon atoms; and R 4 to R 19 independently represent a hydrogen 
atom, a halogen atom, a nitro group, an amino group, a sulfonic 
acid group, a sulfonic acid ester group, or an organic group having 
1 to 20 carbon atoms which may have one or more heteroatoms. 

10 30. The polymer light emitting material according to claim 16, 
wherein the polymer izable light emitting compound is a 
polymer izable compound represented by the formula (F-l) below: 
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R 9 R 10 




(F-l) 



wherein at least one of X 1F , Y lp , and Z 1F represents a substituent 
having a polymerizable functional group, and the remainder of X", 
Y 1F , and Z xp independently represent a hydrogen atom, a halogen 
5 atom, or an organic group having 1 to 20 carbon atoms which may 
have one or more heteroatoms; and R 1 to R 16 independently represent 
a hydrogen atom, a halogen atom, a nitro group, an amino group, 
a sulfonic acid group, a sulfonic acid ester group, or an organic! 

i 

: 

group having 1 to 20 carbon atoms which may have one or morej 
10 heteroatoms . 



31. The polymer light emitting material according to claim 16, 
wherein the polymerizable light emitting compound is a 
polymerizable compound represented by the formula (G-l) below: 
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R S R 6 



(G-l) 



wherein L represents a monovalent anionic bidentate ligand; X 6 
represents a substituent having a polymerizable functional group; 
and R 1 to R 7 independently represent a hydrogen atom, a halogen 
atom, a nitro group, an amino group, a sulfonic acid group, a 
sulfonic acid ester group, or an organic group having 1 to 20 carbon 
atoms which may have one or more heteroatoms. 



32. 



A light emitting composition comprising the polymer light 
emitting material according to any one of claims 1 to 31, and a 1 
carrier transporting polymer compound. 



33. 



The light emitting composition according to claim 32, 
wherein the carrier transporting polymer compound is a hole 
transporting polymer compound. 



34. 



The light emitting composition according to claim 32, 
wherein the carrier transporting polymer compound is an electron 
transporting polymer compound. 
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35. A light emitting composition comprising the light emitting 
material according to any one of claims 1 to 31, and a carrier 
transporting low molecular weight compound. 

5 36. The light emitting composition according to claim 35/ 
wherein the carrier transporting low molecular weight compound 
is a hole transporting low molecular weight compo\ind. 

37. The light emitting composition according to claim 35, 
10 wherein the carrier transporting low molecular weight compound 

is an electron transporting low molecular weight compound. 

38 . A layer containing a light emitting material for organic 
light emitting device, wherein a light emitting material is a 

15 polymer light emitting material described in claim 1. 

39. The layer containing a light emitting material for organic 

light emitting device according to claim 38/ obtained by forming . 

into a film a polymer light emitting material described in claim 
20 1. 

40. The layer containing a light emitting material for organic 
light emitting device according to claim 39, wherein the polymer 
light emitting material has no crosslinking structure. 

* ♦ • 
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41. The layer containing a light emitting material for organic 
light emitting device according to claim 38, wherein the polymer 
light emitting material is obtained by forming a polymerizable 
composition containing at least one light emitting compound into 
a film and then polymerizing it. 

42. The layer containing a light emitting material for organic 
light emitting device according to claim 41, wherein the polymer 
light emitting material has no crosslinking structure. 

43. The layer containing a light emitting material for organic 
light emitting device according to claim 41, wherein the polymer 
light emitting material has a crosslinking structure. , 

» 

44. An organic light emitting device comprising the polymer' 
light emitting material according to any one of claims 1 to 31. 

45. The organic light emitting device according to claim 44, 
comprising a light emitting layer comprising the polymer light 
emitting material described in any one of claims 1 to 31 having 
both sides or one side thereof an electron transporting layer of 
a coated type, and/or a hole transporting layer of a coated type. 
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